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ABSTRACT 
As a result of growing evidence regarding the effects of environmental characteristics on the 
health and wellbeing of people in healthcare facilities (HCFs), more emphasis is being placed 
on, and more attention being paid to, the consequences of design choices in HCFs. Therefore, 
we have critically reviewed the implications of key indoor physical design parameters, in 
relation to their potential impact on human health and wellbeing. In addition, we discussed 
these findings within the context of the relevant guidelines and standards for the design of 
HCFs. A total of 810 abstracts, which met the inclusion criteria, were identified through a 
Pubmed search, and these covered journal articles, guidelines, books, reports and monographs 
in the studied area. Of these, 231 full publications were selected for this review. According to 
the literature, the most beneficial design elements were: single-bed patient rooms, safe and 
easily cleaned surface materials, sound-absorbing ceiling tiles, adequate and sufficient 
ventilation, thermal comfort, natural daylight, control over temperature and lighting, views, 
exposure and access to nature, and appropriate equipment, tools and furniture. The effects of 
some design elements, such as lighting (e.g. artificial lighting levels) and layout (e.g. 
decentralized versus centralized nurses’ stations), on staff and patients vary, and “the best 
design practice” for each HCF should always be formulated in co-operation with different 
user groups and a multi-professional design team. The relevant guidelines and standards 
should also be considered in future design, construction and renovations, in order to produce 
more favourable physical indoor environments in HCFs.  
INTRODUCTION 
 
With the increased healthcare needs of an aging population, inadequate aging facilities, bed 
shortages and capacity bottlenecks, the healthcare systems in several countries are facing a 
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confluence of the need to replace aging hospitals and other healthcare facilities (HCFs) with 
new ones, as well as to renovate existing facilities, attract qualified employees, provide cost 
savings by improving medical outcomes for patients and staff, and increase patient 
satisfaction through a better quality of care (Berry et al., 2003, Reijula 2007, Ulrich et al., 
2008, Singapore Ministry of Health 2011, Wu 2011). Thus, along with a growing population 
with changing needs, there is serious pressure on the government, facilities and health 
professionals to respond to these needs quickly and efficiently.  
 
These constructed or renovated HCFs will serve patients and be a workplace for healthcare 
personnel for decades. Hence, along with a growing population with changing needs, and the 
accumulating amount of research linking physical indoor environments to healthcare 
outcomes (Lundstrom et al., 2002, Ampt et al., 2008, Dijkstra et al., 2008, Ulrich et al., 2008, 
Goetz et al., 2010, Friedow 2012, Huisman et al., 2012), administrators and medical 
professionals have increasingly been recognizing the urgent need to create better HCFs – 
healing environments that provide both physically and culturally optimal support for the 
health, healing and wellbeing of patients as well as staff (McCullough 2010), and help to 
minimize dangerous situations by reducing the rate of hospital-acquired infections and 
medical errors which are among the leading causes of death (IOM 2001, Klevens et al., 2007, 
Ulrich et al., 2008).  
 
The basic components of a healing environment that are most likely to affect human health 
and wellbeing are air quality, thermal comfort, privacy, light, views of nature, access to 
nature, visual serenity, visual stimulation, positive distractions, access to social support and 
options for choice (Stichler 2001, Beggs 2003, Ampt et al., 2008, McCullough 2010, 
Debajyoti 2011, Salonen et al., 2012). Basing HCF planning and design decisions on this 
evidence of beneficial features to achieve the best possible patient, staff and operational 
outcomes constitutes “evidence-based design” (EBD), which is defined as “the process of 
basing decisions about the built environment on credible research to achieve the best possible 
outcomes” (The Center for Health Design 2012). 
 
The goal of designing HCFs according to the principles of EBD was started by Professor 
Roger Ulrich with his pioneer paper in 1984 (Ulrich 1984). Since then, the impact of the 
physical environment of HCFs on the health and wellbeing of the patients as well as staff has 
received accelerating academic attention (Huisman et al., 2012). In HCFs, EBD requires an 
understanding of the healthcare delivery system, research, and the design and construction 
process combined (Debajyoti 2011, Friedow 2012), and infuses these principles, goals, and 
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expected outcomes throughout all steps of planning, designing, and operating buildings 
(Debajyoti 2011).  
 
Creating high quality interior environments requires that the user, installation maintenance 
staff, programmers, designers, engineers, construction workers, and suppliers work together 
toward clearly defined statements of design excellence (USAGE 1997, Lahtinen et al., 2009). 
HCF design should take into consideration its differential impact on different user groups 
(Jastremski 2000, Tyson et al., 2002, Ampt et al., 2008), and design must follow the local 
and/or state general building codes and federal regulations. In order to be licensed by the 
state, design must comply with the individual state licensing regulations. The “Guidelines for 
Design and Construction of Hospitals and Health Care Facilities” by the Facility Guideline 
Institute (FGI) are adopted in many states as a resource (FGI 2010, Carr 2011, FGI 2012). 
 
Beneficial design implications of the physical indoor environment are important elements to 
consider in order to design and operate healthcare which provides overall, health and 
wellbeing support and which meets the current – as well as future – needs and requirements 
of western medicine, while also taking into account the emotional needs of patients and their 
families, as well as healthcare personnel. Although healthcare research has grown 
exponentially over the past 10 years and already published studies provide relevant 
knowledge about design features, updated information about beneficial design implications of 
the physical indoor environment as well as relevant guidelines and standards are still needed. 
Therefore, the aim of this review study was to summarize the beneficial design implications 
as well as the relevant guidelines/standards of the physical indoor environment (see 
Appendices 2 and 3). Aggregating information in this way we sought to provide a practical 
tool for engineers and architects who design or operate HCFs, as well as for researchers, 
healthcare workers and those involved in policy development.  
 
MATERIAL AND METHODS 
 
Literature search 
 
A Pubmed search of the literature published between 1975 and 2012 was performed. 
Altogether 100 search terms (See Appendix 1) and different combinations of these were used. 
Original research articles and literature reviews were included in the search. Following this, 
the lists of references used in broadly relevant articles (based on their titles and abstracts with 
emphasis placed on the beneficial design implications of the physical indoor environment in 
an HCF on patients and staff) were then searched. After searching through the reference lists, 
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the most relevant papers (based their titles) were chosen for more detailed search. We also 
added a few often-cited authors (Ulrich, Joseph, Cooper-Marcus) and organizations (National 
Institute of Building Sciences, The Center for Health Design, Centers for Disease Control and 
Prevention) as search terms. In addition, we searched for guidelines and relevant sections of 
books, bibliographies, and monographs. In order to find relevant literature and web pages we 
also established personal contact with experts in the study field. The search was undertaken 
between February 2011 and September 2012.  
 
Literature selection 
 
All the references that were identified were initially selected on the basis of their titles and/or 
abstracts, with emphasis on the beneficial design implications of the physical indoor 
environment in an HCF. The search terms for this literature review were reasonably broad, 
and produced a very large volume of literature. It was therefore a laborious and challenging 
process to reduce this to a relevant body of work. The multiprofessional author group was 
extremely useful ensuring that this process was transparent and valid. Critical assessment of 
the studies was undertaken and when presenting the findings and recommendations, this 
review paper has sought to recognize validity issues. Limiters were set for the English 
language, and for publications which were electronically available either through QUT or 
FIOH library subscriptions or as free downloads from the internet. The inclusion criteria were 
specified for HCFs/hospitals in Western countries.  
 
Altogether 810 abstracts (the selection of abstracts was based on the eligibility of the study 
according the title) and following this, 500 full publications were read (with the selection of 
full publications based on the eligibility of study according to the abstract). Following the 
evaluation, 231 publications were selected for inclusion in this review paper. Decisions about 
whether or not to include publications were based on the completeness and quality of the 
study. For example, systematic reviews were the most eligible for inclusion, in terms of 
providing the source of best evidence. In addition, publications with guidelines, 
recommendations and standards in the field of physical indoor environment in HCFs were 
included.      
 
KEY FINDINGS AND DISCUSSION  
The key findings and critical discussion relating to the design approaches for promoting 
beneficial indoor environments in HCFs are presented under separate subtitles below. A 
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summary of the important physical indoor design factors, which are discussed in detail in this 
review paper, are presented in the Figure 1. 
 
Figure 1. Summary of the important physical design factors in HCFs 
 
 
 
 
*Safety includes different factors, such as a properly functioning 
SPATIAL LAYOUT AND ROOM TYPE  
The layout in an HCF should support all possible treatment processes both today and in the 
future, promote staff efficiency by minimizing the necessary travel distance between 
frequently used spaces; allow for easy visual supervision of patients by a limited staff; include 
only required spaces and no redundant ones; provide an efficient logistics system; make 
efficient use of space by locating support spaces so that they may be shared by adjacent 
functional areas and by making prudent use of multi-purpose spaces; consolidate outpatient 
functions for more efficient operation; group or combine functional areas with similar system 
requirements; and provide optimal functional adjacencies such as locating the surgical 
intensive care unit adjacent to the operating suite (Vos et al., 2007, AHRQ 2008, Carr 2011).  
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The decentralized nursing unit layout is currently considered “best practice”, as it increases 
functional efficiency by bringing staff physically and visually closer to the patients (Joseph 
2006c, Wade 2007, Harale 2010). A decentralized layout increases the amount of time staff 
spend on patient care (by reducing the amount of time staff spend walking), increases the 
sense of community between staff and patient/family, increases patient safety, decreases noise 
levels and increases the active participation of patients and families in the care (Devlin and 
Arneill 2003, Hendrich 2003, Shepley and Davies 2003, IOM 2004, Christensen 2005, Joseph 
2006c, McCarthy and Blumenthal 2006, Gurascio-Howard and Malloch 2007, Hendrich et al., 
2008, Harale 2010). Within decentralized stations, the following distinct zones are suggested: 
curb-side (for impromptu meetings), step-in (for involved work), immersive (for private and 
planned meetings (Bromberg 2006), and the neutral zone (which is not owned by or assigned 
to an individual or group and is devoid of any hierarchical boundaries) (Becker and Parsons 
2007). It was concluded that nursing pods, which were designed to seat only one, person were 
not conducive to larger group interactions, and that the size of a single pod made it difficult 
for people to gather around comfortably (Harale 2010). Pods should cater to every activity 
that occurs there, while still considering e.g. noise reduction capacities and a need for 
individual privacy (Harale 2010). Designing all pods to be as similar as possible will help the 
nurses to adjust quickly to a pod every time they change patients or move (Harale 2010).  
 
Centralized nursing unit layouts were found to limit visual access to patient rooms, become 
chaotic and create high noise levels that were stressful for both patients as well as staff (Wade 
2007). However, nurses in centralized stations communicate more with colleagues (Becker 
2007), have a stronger sense of team connection and get more support from colleagues than 
nurses in decentralized stations (Tyson et al., 2002, Flynn and Barista 2005, Gurascio-
Howard and Malloch 2007, Hammer 2009, Zborowsky et al., 2010). Thus, it is important to 
re-evaluate the design of nursing stations so that they cover not only factors such as patient 
proximity and visual access, but also underlying factors such as job satisfaction and informal 
learning (Harale 2010). Decisions about unit layout should always be made following 
consultation between the design team and different user groups. In a big HCF, the use of both 
decentralized and centralized units may also be beneficial. 
 
Single-bed patient rooms offer benefits for patients and staff and are also vastly superior on 
financial counts to double bedrooms or open bays, as improved infection control, heightened 
privacy and confidentiality, improved sleep and fewer medical errors contribute to reduced 
lengths of hospital stay (NHS Estates 2005, AIA and FGI 2006, van de Glind et al., 2007, 
Ampt et al., 2008, Ulrich et al., 2008, Joseph 2010, Boardman and Forbes 2011). In a single-
patient room, the patient’s bathroom should be located close to the head of the bed (to reduce 
the distance to the bathroom), and a small alcove outside each room (to increase visibility) 
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(Reiling et al., 2004, Ampt et al., 2008), as well as handrail supports around the walls, built-in 
sinks for hand-washing, individual lighting switches (Ampt et al., 2008, Carr 2011), the 
patient’s choice of artwork for their room (Hathorn and Nanda 2008), and a storage area for 
the patient’s belongings (Carr 2011) should be provided. In spite of several benefits of single-
patient rooms, there is concern that the visibility of patients may decrease if single rooms are 
used in the emergency ward (Brown and Taquino 2001). One approach to addressing the 
visibility problem and transfer of patients between rooms is acuity-adaptable rooms, in which 
two levels of acute care (intensive and step-down) could effectively be merged together into a 
single-bed patient room (Hendrich et al., 2002, Hendrich et al., 2004, Ampt et al., 2008, 
Ulrich et al., 2008). The layout, furniture and supplies in patient rooms and treatment areas 
should be standardized in order to reduce the rate of medical errors (IOM 1999, AHRQ 2008), 
and this is especially important in emergencies (Reiling et al., 2004). All patient rooms need 
to be as flexible as possible in order to be appropriate for future needs as well (Jastremski 
2000, Brown and Taquino 2001).     
 
The family zone provides an area where patients and their families and visitors can be together 
(Douglas and Douglas 2004, Johnson and Abraham 2004, Joseph 2006c, Kutash and Northrop 
2007, Carr 2011). This zone can be within a single patient room or in a separate room. 
However, this kind of additional area for patients can be problematic in some units, because it 
may make it increasingly difficult for the staff to observe patients (Tyson et al., 2002). In 
HCFs, the corridors should be as short as possible (to reduce disorientation and noise) (Karlin 
and Zeiss 2006), and the corridor walls and counters should be low (to increase visibility and 
safety) (Ampt et al., 2008). 
 
CONSTRUCTION MATERIALS  
All construction materials used in HCFs are required to provide protection from fire, 
environmental contaminants and the elements (USAGE 1997), and sustainable materials are 
recommended (National Institute of Building Sciences 2011, WBDG 2012a, WBDG 
Productive Committee 2012, WBDG Sustainable Committee 2012). In addition, standards for 
construction, as published in building codes and technical manuals dealing with specific 
construction materials and techniques, have been rigorously tested and confirmed to meet 
stringent requirements (USAGE 1997).  
 
Flooring materials have a broad impact on the health, safety, comfort, and confidence level 
of patients, visitors, and employees (Fuston and Nadel 1997, Harris 2000, Ulrich 2001, 
Mitchell 2006). Although there are several advantages to using carpeting instead of hard floor 
materials in patient rooms and waiting areas, such as noise and glare reduction, and reduction 
in falls and resultant injuries (Willmott 1986, Weinhold 1988, Horton 1997, Radke 1997, 
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Counsell et al., 2000, Harris 2000, Sehulster et al., 2004, Joseph 2006a), the guideline by 
CDC and HICPAC (2003) suggested that the use of carpeting should be avoided in areas 
where spills are likely to occur (CDC and HICPAC 2003, Sehulster et al., 2004). If carpeting 
is used, proper methods of carpet maintenance and cleaning are critical in order to minimize 
or prevent the production of aerosols and the dispersal of microorganisms into the air (Radke 
1997, Institute of Inspection Cleaning and Restoration Certification 2002, Carpet and Rug 
Institute 2004). For example, an effective carpet maintenance program should include five 
key elements: preventive maintenance, vacuuming, spot and spill removal, interim cleaning 
and restorative cleaning (Radke 1997, Carpet and Rug Institute 2004). In addition to the 
technical quality, properties and surface condition of a building, the professional skills of 
cleaning staff can have a significant impact on the cleanliness of the building (Korhonen 
2011). In order to develop new cleaning approaches that account for both health and the 
environment, as well as for infection prevention and control, it is important to have a broad 
understanding of the functions of cleaning, as well as the work environment systems in which 
it is performed (Markkanen et al., 2009). 
 
ACOUSTIC ENVIRONMENT  
There appears to be sufficient evidence of the negative effects of noise on human health and 
wellbeing (e.g. increased stress, headaches, and decreased sleep quality) (USAGE 1997, 
Flynn et al., 1999, Johnson 2001, Blomkvist et al., 2005, Hagerman et al., 2005, Mazer 2006, 
Joseph and Ulrich 2007, Ampt et al., 2008, Ulrich et al., 2008, Joseph 2010) to justify the 
recommendation that noise reduction should be a major consideration in the design of HCFs.   
The main internal sources of noise in HCFs are the operation and maintenance of the facility, 
staff activities, elevators, diagnostic and therapeutic instruments, and heating, ventilation and 
air-conditioning (HVAC) systems. Noise levels will be substantially lowered by the using 
following environmental design elements and combinations thereof: high-performance sound-
absorbing ceiling tiles and panels (Rollins 2004, Blomkvist et al., 2005, Joseph and Ulrich 
2007), carpeted surfaces (Neumann and Ruga 1995, Weber 1995, Lowers 1999, Philbin and 
Gray 2002), sound-attenuating surfaces (Biley 1994, USAGE 1997, Rollins 2004, Ulrich et 
al., 2004), single-bed rooms (Yinnon et al., 1992, Biley 1994, Southwell and Wistow 1995, 
Ulrich et al., 2004, Bailey and Timmons 2005, Joseph and Ulrich 2007, Ulrich et al., 2008), 
short corridors (Joseph and Ulrich 2007, Ampt et al., 2008), the reduction and elimination of 
noise sources such as overhead paging and call systems and staff conversations (Biley 1994, 
Cmiel et al., 2004, Ulrich et al., 2004, Beyea 2007, Joseph and Ulrich 2007, Joseph 2010, 
Solet et al., 2010, Carr 2011), and the introduction of a sound environment with specially 
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designed music (Thorgaard et al., 2005). In addition site-exterior noise and staff behavioural 
protocols are available channels for improving the acoustics in the HCF (Solet et al., 2010). It 
is important to note that some special units have their own beneficial design features. In 
general, absorbing sound, rather than reflecting it, can safely be part of acoustic enhancement 
when the appropriate products are chosen and when the specific patient population is 
considered (Solet et al., 2010).  
The use of HVAC equipment in HCFs is one of the major sources of interior noise, and it has 
a significant effect on the acoustic environment (ASHRAE 1995). Therefore, mechanical 
HVAC equipment must be selected, and equipment spaces designed, with an emphasis on 
both the intended use of the equipment, as well as the goal of providing acceptable sound 
levels in occupied spaces of the building and in the surrounding community. All components, 
such as fans, dampers and diffusers, may produce sound based on the nature of the air flow 
through and around them (ASHRAE 1995, Peppin 1997). Thus, all HVAC components must 
be considered and checked before and during use. 
Although there are no established criteria as of yet for what functionality constitutes a good 
acoustic environment for sleep in the hospital (Solet et al., 2010), the EPA recommends 
maximum noise levels of 40 dB(A) in hospitals, and the WHO suggests maximum levels of 
30 to 40 dB(A) in patients’ rooms at night (WHO 2007b, Solet et al., 2010). The FGI provides 
recommendations and minimum standards for acoustics in specific hospital environments 
(FGI 2010). New guidelines by the FGI (2014), including new standards for reducing noise in 
hospitals, and have been posted in 2012 for public comments (FGI 2012). 
 
VENTILATION 
 
Based on an extensive multidisciplinary review, Li et al. (2007) concluded that there is strong 
and sufficient evidence to demonstrate an association between ventilation, air movements in 
buildings and the transmission spread of infectious diseases indoors. The heating, ventilation 
and air conditioning (HVAC) system is especially fundamental for maintaining negative 
pressure within isolation rooms, to protect the health of occupants and to control the risk of 
airborne diseases (Tang et al., 2006, CDC and HICPAC 2007, Li et al., 2007, Tunga et al., 
2009, Zhao et al., 2009, Balocco and Liò 2010, Eames et al., 2010).  
 
While there is insufficient data to specify and quantify the minimum ventilation requirements 
in hospitals, in relation to spread of infectious diseases via the airborne route (Li et al., 2007), 
there are guidelines which provide suggestions for ventilation in HCFs. For example, in 
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Germany, Verein Deutscher Ingenieure (VDI 2167 2005) suggested that the outdoor air flow 
rate should be ≥ 10 dm3/s/person in patient rooms and ≥ 100 dm3/s/person in operating rooms. 
In the United States, the Centers for Disease Control and Prevention (CDC) suggested that 
airborne infection isolation room should have ≥ 12 ACH (air changes per hour) (equivalent to 
80 l/s for a 4x2x3 m2 room) in new buildings, and ≥ 6 ACH in existing buildings (equivalent 
to 40 l/s for a 4x2x3 m2 room). In addition, each room should have an exhaust to the outside, 
or a HEPA filter, if the rooms' air is recirculated (CDC 2003). The ASHRAE HVAC design 
manual for hospitals also suggests that the ARCH value for patient and operating rooms 
should be  ≥ 4 and  ≥ 15 (≥ 25 if recirculated-air used), respectively (ASHRAE 2003b). 
 
According to the ASHRAE Handbook (2003), air filters should be MERV 8 + MERV 14 
(MERV classification according to the ASHRAE standard 52.2) in operating rooms, intensive 
care, children’s wards, and patient and examination rooms, and MERV 8 + MERV 17 
(MERV 17 is equivalent to HEPA filters) for orthopaedic operating rooms, bone marrow 
colonies and transplant surgery (ASHRAE 2003a). HEPA filters are useful for special-care 
areas of the hospital, such as surgical areas, burns and ICU units, and in protective 
environments for immunocompromised patients. HEPA filters are at least 99.97% efficient at 
removing 0.3 µm particles and can assist in reducing the risk of airborne infection 
transmission (Sehulster and Chinn 2003, Joseph 2006b). 
 
The CDC and HICPAC (2003) guidelines suggest that the combination of HEPA filtration, 
high numbers of air changes per hour (>12 ACH), and minimal leakage of air into the room 
creates an environment that can safely accommodate patients who have undergone allogeneic 
hematopoietic stem cell transplants (CDC and HICPAC 2003). It is important to note that 
continuous maintenance and contamination protection are important requirements for 
beneficial HVAC systems (WBDG 2012b). 
Although mechanical ventilation systems are commonly used to ensure that ventilation 
standards and guidelines are met, recent studies have suggested considering natural 
ventilation, in order to: reduce the risk of spreading infections (WHO 2007a, WHO 2009b); 
reduce energy use and its associated costs; provide acceptable indoor environmental quality; 
and maintain a healthy, comfortable and productive indoor climate (Mills 2004, Lstiburek 
2006, WHO 2007a, WHO 2009b, Walker 2012). The 2009 WHO Guidelines also include 
recommendations for promoting natural ventilation design in healthcare facilities in order to 
assist with infection control, and describes the basic principles of how to design, construct, 
operate and maintain an effective natural ventilation system for this purpose (WHO 2009b). 
However, it is important to note that, in case of natural ventilation, the indoor environment is 
strongly affected by changes in outdoor climate (i.e. is unsuitable in many climates) and 
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occupant behaviour, and this kind of ventilation does not allow for the filtration of supply air 
or the suitably rigorous control of pressure differentials in isolation areas (WHO 2009b). 
 
Ventilation design in HCFs should meet the Guidelines of the FGI, which include for example 
Standard 170-2008 (ASHRAE and ASHI 2008, FGI 2010). Design should also consider 
physical activity, the processes being undertaken, the substances in use and related emissions 
in HCFs (IFC Environmental 2003).  
 
THERMAL ENVIRONMENT  
 
Thermal comfort is defined as “the condition of mind which expresses satisfaction with the 
thermal environment” (ASHRAE 2010), and thermal environments inside buildings vary 
considerably based on time of day and location within the building. Several guidelines and 
standards provide requirements and suggestions in order to ensure that at least 80% of 
occupants feel thermally satisfied (ISO 2005, ASHRAE 2010, Wu 2011).  
 
 A recently published ASHRAE standard (55-2010) provides the minimum requirements for 
the energy-efficient design of most buildings and provides the minimum energy-efficient 
requirements for the design and construction of new buildings and their systems, new portions 
of buildings and their systems, and new systems and equipment in existing buildings as well 
as the criteria for determining compliance with these requirements. However, this standard 
was developed based on well or healthy office workers, and is insufficient for achieving the 
levels required for all hospital users (e.g. elderly patients) (Hwang et al., 2007, Wong. et al., 
2009, Wu 2011). The ASHRAE HVAC-design manual for hospitals and clinics provides 
temperature guidelines for hospital settings: 20-26 ºC for operating rooms (surgery), and 21-
24 ºC for patient rooms, intensive care, isolation rooms, examination rooms and treatment 
rooms (ASHRAE 2003b). Similarly, the American Institute of Architects (AIA) and the 
Facilities Guidelines Institute (FGI) suggest 21-26 ºC for intensive care, 21-24 ºC for patient 
rooms, and 24 ºC for isolation rooms, examination rooms and treatment rooms (AIA and FGI 
2006). The Department of Veteran Affairs (DVA) also suggested following guidelines 
(summer/winter): 22/25 ºC for intensive care, 17-27 ºC for operating rooms (surgery) and 
24/25 ºC for patient rooms, isolation rooms, examination rooms and treatment rooms (DVA 
2006). 
 
In HCFs, ambient temperatures have a significant effect on the quality and quantity of sleep 
among patients (Parmeggiani 1987, Okamoto-Mizuno et al., 2004). Although recommending 
an optimal temperature range for sleeping is a challenge (National Sleep Foundation 2011), 
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the CIBSE (2005) standard provides recommendations for acceptable night-time temperatures 
(CIBSE 2005). For example, the standard states that “bedroom temperatures at night should 
not exceed 26 °C unless ceiling fans are available” (CIBSE 2005).  
 
 
 
The British Standard EN1251 (2007) provides a basis for calculating the risk of overheating 
in hospitals and recommends that building owners recognize the need for spaces that provide 
for the special needs of occupants (British Standard EN1251 2007). The WHO provides 
recommendations for how to maintain thermal comfort in healthcare settings during different 
climatic conditions (WHO 2009b). The ASHRAE (2010) standard provides a detailed 
explanation of technology options and simulation techniques in order to help quantitatively 
assess and compare the effectiveness of different design options (ASHRAE 2010). 
 
It is important to note that, in HCFs, different user groups within the same environment may 
prefer different temperatures, in terms of comfort, because of different clothing, activity and 
acuity levels, as well as age and duration in the ward, and thus, it is difficult to satisfy 
everyone in a given space (Legg 1971, ASHRAE 2010, Wu 2011). Therefore, when designing 
and operating thermal environments in HCFs, some form of compromise must be made so 
that the majority can be satisfied. Studies have found that, in some hospital settings, more 
pleasurable thermal experiences can be achieved if users are provided with control over the 
thermal environment, including thermal variation within and between spaces, over time 
(Parsons 1991, Orians 1992, de Dear 2011). 
 
VISUAL ENVIRONMENT  
 
Lighting (natural daylight and artificial light)  
Adequate and appropriate exposure to light (natural and artificial), along with access to 
natural lighting entering through windows, are important features of HCFs (Buchanan et al., 
1991, Edwards and Torcellini 2002, Ulrich 2005, Joseph 2006a, Ulrich et al., 2008, Ander 
2012). It is suggested that windows be located in all patient rooms, waiting areas, staff spaces 
and wherever else possible (Verderber 1986, Kaplan and Kaplan 1989, Leather et al., 1998 , 
Ulrich 2000a, Farley and Veitch 2001, Stichler 2001, Edwards and Torcellini 2002, Cohen 
and Smetzer 2009, Carr 2011, Ander 2012) and that windows be designed to allow as much 
daylight as possible to penetrate as far as possible into a room (Ander 2012, WBDG 
Productive Committee 2012), while accounting for temperature, glare and shade effects and 
control (Edwards and Torcellini 2002, Joseph 2006a, Ampt et al., 2008). Early morning 
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sunlight exposure should be maximized (Benedetti et al., 2001, Joseph 2006a, Ampt et al., 
2008), and building plans with a large proportion of windowless rooms as well as site plans 
where some buildings block light from others should be avoided (Ulrich 2005). 
 
Lighting design must pay attention to the colours of the space, lightness, brightness and 
differences in reflectance. The illumination level required for most environments is a function 
of the type of activities, the characteristics of visual tasks, and the age of the users (Ander 
2012). Indirect lighting controlled by a dimmer switch around the perimeter of the room, a 
central procedural light, and small task and under-counter lights are elements of beneficial 
interior design (Brown and Taquino 2001, Ampt et al., 2008). Switches for all lights should 
be placed at the entrance to each room to cater for emergencies, and a master switch for 
controlling all lights should be installed to allow for immediate darkness as needed for 
transillumination (Brown and Taquino 2001, Ampt et al., 2008).  
 
In the daytime, patients should be exposed to adequate bright artificial lighting when natural 
light is not available, and at night-time, the light in patients’ rooms should be dimmed enough 
to ensure good sleep (Ulrich et al., 2008). Among staff, the combination of natural and 
artificial sources should provide adequate light levels for the required tasks (Ander 2012), and 
high lighting levels for performing critical or complex visual tasks (Joseph 2006a, Ampt et 
al., 2008, Chaudhury et al., 2009). In general, medical errors were reduced when lighting 
levels were high (Buchanan et al., 1991). The age of the occupant should also be taken into 
account (Edwards and Torcellini 2002), and as the average age of nurses is increasing, bright 
work surface illumination levels (1500-2000 lx) may be necessary in order to reduce errors in 
dispensation and aid in paper-based tasks (Ulrich and Barach 2006). All light sources should 
be energy efficient with minimal heat emission (IFC Environmental 2003). When considering 
the design of new built health care environments or making changes to existing ones, it is 
important to recognize the effects of the amount and timing of light on different user groups. 
In addition, control over lighting levels can be enhanced by providing individual switches, 
including dimmers, as well as curtains or blinds over windows (Dalke et al., 2006). 
 
In 2012, the Department of Defense provided UFC guidance for the design of interior and 
exterior lighting systems and controls based on the IES Lighting Handbook Reference and 
Application, Energy Policy Act of 2005, and current recommended practices (Ampt et al., 
2008, Ulrich et al., 2008, Department of Defense 2012). The UFC meets the current IES 
standard of practice and addresses general lighting requirements for HCFs. 
 
Views, exposure and access to nature 
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Several studies have indicated that viewing nature, experiencing nature and having free access 
to nature, play a vital role in human health and well-being and should be important elements 
in HCF design (Ulrich et al., 1993, Ulrich 1999, Frumkin 2001, Maller et al., 2005, Smith 
2007, Ulrich et al., 2008, Depledge et al., 2011). Although there are no codified standards for 
gardens and other natural features available so far, some recommendations based on scientific 
evidence have been proposed (Franklin 2012). 
 
Well-designed gardens with sitting areas provide calming and pleasant views of nature, access 
to social support and privacy, and escape from stressful clinical settings (Cooper-Marcus and 
Barnes 1995, Marcus and Barnes 1999, Ulrich 1999, Ulrich 2000c, Rodiek 2009, Carr 2011), 
and are especially effective and beneficial with respect to mood improvement and 
recuperation from stress, for stressed patients and staff (Cooper-Marcus and Barnes 1995, 
Cooper-Marus and Barnes 1999, Ulrich 1999, Cooper-Marus 2000, Ulrich 2001, Whitehouse 
et al., 2001). 
 
It has been generally concluded that the garden should have easy entry and garden should 
include more plants and less hardscape (concrete), in order to become more effective in 
promoting stress restoration (Ulrich et al., 1991, Ulrich 1999, Whitehouse et al., 2001, Ulrich 
2002). In addition, it has been reported that therapeutic gardens should be green, real and 
interesting (e.g. seasonal). They should engage multiple senses, provide visual relief and 
interest in both the vertical and horizontal dimensions, as well as create an atmosphere of 
peace (Smith 2007, Franklin 2012).  
Exterior spaces (e.g. gardens) should be free of negative qualities such as smoke and fumes, 
noise, strong sunlight, crowding, perceived danger or risk, prominent litter, and abstract, 
ambiguous sculpture or other built features that can be interpreted in multiple ways. Such 
features may impair recovery or even worsen stress (Ulrich 1999, GGHC 2007, Smith 2007).   
Interior courtyards and atria with greenery and a fountain, roof gardens and terraces, indoor 
plants or pictures of nature, aquariums and terrariums, light wells and skylights, and water 
features and fountains (Heerwagen 1990, Lohr and Pearson-Mims 2000, Ulrich 2000c, Diette 
et al., 2003, Smith 2007, Dijkstra et al., 2008) are beneficial design elements which 
incorporate nature into the indoor environment. However, the CDC and HICPAC guidelines 
recommended that flowers and potted plants need not be restricted from areas for 
immunocompetent patients, while fresh or dried flowers or potted plants in patient-care areas 
for immunosuppressed patients should not be allowed (CDC and HICPAC 2003). 
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In general, patients should be provided with convenient or direct access from their unit, 
department or public spaces to a secure, supervised and sunny exterior courtyard, terrace, 
balcony, plaza or garden (GGHC 2007, Smith 2007). Convenient access offers a sense of 
connection and availability to human being and a sense of security for those in an unfamiliar 
place (Smith 2007). For those unable to freely enter natural ecosystems (e.g. elderly or infirm 
people), virtual environments can offer some of the stimuli and benefits that people receive 
from being outdoors in nature (Schneider et al., 2003, Schneider et al., 2004, Depledge et al., 
2011). 
Colour 
Colour is an important design element in HCFs. Although there is not enough scientific 
evidence to suggest a clear correlation between a certain colour and a certain emotion 
(Fehrman and Fehrman 2004, Tofle et al., 2004), some studies have shown a close 
relationship between color perception and patients’ mental and/or emotional attitudes (Kwon 
2010).  
 
Calming and restoring colours (e.g., blues, greens, and violet) are recommended for high- 
stress areas (Fontaine et al., 2001, Stichler 2001). In contrast, red, orange and yellow should 
be avoided, as they induce excitement and increase blood pressure and fatigue (Starkweather 
et al., 2005). Blue and green are also recommended for areas that require concentration and 
visual acuity (Malkin 1992). In addition, cool colours may be beneficial to nurses because 
they promote fewer distractions and provide more opportunity to concentrate on difficult 
tasks (Malkin 1992). Grey may be ideal for desktops and work surfaces. Grey creates a good 
balance in contrast with either black or white and helps maintain a comfortable and uniform 
brightness level (USAGE 1997). 
 
The color of the environment may also affect the perceptions of other environmental features, 
such as acoustic and thermal environment. For example, a noisy environment may be 
perceived as less noisy in cooler colours, whereas noise levels may be perceived as 
extravagant in a yellow or red environment (Tofle et al., 2004).  
 
Colour palettes and combinations affect different users of a space in different ways. However, 
the use of color in HCFs is not based on a significant evidence-based body of knowledge, and 
so far guidelines concerning the use of color are based on highly biased observations and 
pseudo-scientific assertions, and are thus ineffectual (Tofle et al., 2004, Young 2007). The 
multiple uses of the environment and the complexity of user groups make efforts to determine 
guidelines for colour design in HCFs very challenging and even impossible.  
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Artwork 
For centuries, people have known about the healing power of the arts. Over 150 years ago, 
Florence Nightingale wrote about patients’ need for beauty. She argued that the effect of 
beauty is not only on the mind, but on the body as well (Nightingale 1860). Nowadays, art is 
considered an integral component of a restorative space, and many HCFs are using art to 
enhance their indoor environment.  
 
Scientific studies suggest to selecting the following art content: blue waterscapes, green 
landscapes and nature scenes (Ulrich and Gilpin 2003, Hathorn and Nanda 2008, Lankston et 
al., 2010); pictures that depict landscapes during warmer seasons (Ulrich and Gilpin 2003); 
positive fall and winter landscapes (Hathorn and Nanda 2008); floral images and flowers in 
vases (Ulrich and Gilpin 2003, Hathorn and Nanda 2008); images of nature with bright 
colours, water features, and non-threatening wildlife for children (Nanda et al., 2007); scenes 
with positive cultural artefacts and garden scenes (Ulrich and Gilpin 2003); and figurative art 
that includes emotionally positive facial expressions (Ulrich and Gilpin 2003, Hathorn and 
Nanda 2008). 
 
Abstract art (Lankston et al., 2010) and characteristics such as ambiguity or uncertainty, 
emotionally negative or provocative subject matter, surreal qualities, closely spaced repeating 
edges and landscapes conveying bleakness should be avoided (Ulrich and Gilpin 2003). In 
addition, designers should ensure that all visual art displayed in patient areas has a positive 
subject matter and provides a sense of security or safety (Ulrich 1999, Ulrich and Gilpin 
2003).  
 
There is a need for further research about the efficacy of art interventions with respect to the 
placement, location and size of artwork as well as the role of art in enhancing wayfinding, 
fostering greater comprehension and compliance with medical procedures, and reducing the 
perception of waiting times (Hathorn and Nanda 2008).  
 
ERGONOMIC SOLUTIONS, FURNITURE AND EQUIPMENTS 
 
Adapting workplaces to suit workers and the work they perform is a fundamental principle of 
ergonomics (Springer 2007). In addition, work should be supported in the way it is done; 
primary tasks should be optimized, appropriate user control should be provided, ease of use 
should be emphasized, space should be personalized and adapted for the task, and people 
should be trained in proper work techniques and in the proper use of equipment (Springer 
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2007). Risks and hazards can be minimized by selecting equipment, tools and furniture 
appropriate for the assigned worker (IFC Environmental 2003). In an HCF, furniture and 
relevant equipment are needed to support and improve the patient care performed by staff, 
and should provide patients comfort and support during stressful times, provide staff respite 
and enable staff to work efficiently and safely (Chaudhury et al., 2009, Malone and Dellinger 
2011). Items such as beds, wheelchairs, tables and trolleys should be available, suitable, and 
well-maintained (Chaudhury et al., 2009).  
 
Ergonomic design in HCFs can be improved by maximizing visual and tactile discrimination 
through the use of appropriate size, colour, and texture of materials (Carayon et al., 2003). 
Equipment in patient rooms should be located in an area that enables easy access because they 
optimize the nurses’ opportunity for movement (Carayon et al., 2003). Nurses should be  
properly trained in equipment usage (Carayon et al., 2003). Their need to use muscular force 
can be minimized by using mechanical aids and devices (e.g. electrically adjustable beds, 
trolleys and gurneys) (Carayon et al., 2003, Nevala and Tamminen-Peter 2004). A simple way 
in which to reduce the biomechanical loading of nurses’ backs is to provide slings and other 
simple equipment to assist in moving patients from one seat to another (Elford and Straker 
2000). 
 
In order to improve health care outcomes, the furniture design and placement of furniture in 
HCFs should: Reduce surface contamination linked to health care-associated infections (e.g. 
by providing surfaces which are easy to clean) (Malone and Dellinger 2011); Reduce patient 
falls and associated injuries (e.g. by offering adjustable chair seat height and chair with 
armrests) (Malone and Dellinger 2011); Decrease medication errors (e.g. by providing 
adequate lighting and configurable furniture) (Malone and Dellinger 2011); Improve 
communication and social support for patients and family members (e.g. by configuring 
furniture into small flexible groupings (Somner and Ross 1958, Melin and Gotestam 1981, 
Ulrich 1991, Ulrich 2000a, Ulrich 2000c, Ulrich 2000b) and supporting variations in width, 
size and age (Sigrest 2003, CDC 2008, Gottesman et al., 2009, FGI 2010, Malone and 
Dellinger 2011)); Decrease patient, family member and staff stress and fatigue (e.g. by testing 
furniture for safe and comfortable use); Improve staff effectiveness, efficiency, and 
communication (e.g. by offering furniture that is easily adjustable to the ergonomic needs of 
individual workers and providing sound-absorbing materials); and Improve environmental 
safety (by ensuring that materials do not contain harmful chemicals) (Malone and Dellinger 
2011). In addition to this “furniture design checklist” suggested by the Center for Health 
Design (2011), the OSHA 2010 standard (OSHA 2010) as well as the BIFMA e3-2008 
standard (BIFMA International 2008) for manufacturing should also be taken into account. 
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“WAYFINDING” AND SIGNAGE  
 
Wayfinding is about effective communication and relies on a succession of communication 
clues delivered through our sensory system of visual, audible, tactile and olfactory elements 
(Apelt et al., 2007). Wayfinding should be as straightforward as possible (Kopec 2006), and 
individuals should have a positive experience when moving from point A to point B (Aust 
2006).  
 
Wayfinding systems should be reassuring for users, create a welcoming and enjoyable 
environment, provide answers to potential queries before users have to ask for assistance, 
confirm that users are at the correct starting or ending point of an individual journey, identify 
a user’s location, reinforce the right direction and orient the user, identify a user’s destination 
and arrival, indicate where users should not go and show them how to escape safely in an 
emergency (Apelt et al., 2007). 
 
The following cognitive principles are important in wayfinding design: the ability to 
understand and clearly identify routes, entries, and exits; the ability to identify decision points 
and design information at each part of a sequential process; keeping information to a 
minimum and relevant to each location to prevent information overload and confusion; the 
use of language and pictograms that are unambiguous and generally recognized; 
differentiating, grouping and presenting information for fast recognition; aiming for clarity, 
consistency, ease of comprehension and legibility throughout; employing recognized visual 
tools, such as colour, pattern, motif, and design elements; addressing special needs and 
providing information in a readily accessible form; the use of appropriate expertise for 
wayfinding evaluation, design and continued development (NSW Department of Health 
2009). 
 
Signage must communicate the information to the viewer very quickly, clearly, and 
memorably in order to facilitate movement and assist in finding the correct path (Kopec 
2006). The content, size and placement of signs should always be designed carefully 
(Mollerup 2005, Bjorngaard and Malven 2009, NSW Department of Health 2009). Signs must 
be visible but not distracting, informative but not unwieldy, and concise but not confusing 
(Uebele 2007). Typography, colour, pictograms, and icons are all elements that can be used in 
order to offer as much information as needed and fit the requirements and location of the 
work (Uebele 2007). Signage should also be designed so that all specific patient groups are 
taken into account (Barker and Fraser 2000, CRC Construction Innovation 2004, NSW 
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Department of Health 2009). The ISO guidelines and NSW Department of Health, for 
example, provide detailed information about signage design for HCFs (ISO 2004, NSW 
Department of Health 2009, ISO 2011, ISO 2012).  
 
SAFETY 
 
In HCFs, Hospital-acquired infections (nosocomial infections) and medical errors are among 
the leading safety risks and causes of death (IOM 2001, Klevens et al., 2007, NHMRC 2010). 
Hospital-acquired infections are transmitted in hospitals through air, surface contact and 
water (Joseph 2006b, Ulrich and Wilson 2006, Ulrich et al., 2008), and typically affect 
patients whose immune systems are compromised (IOM 2001, Klevens et al., 2007). The 
guidelines given by AIA and FGI (2006), CDC and HICPAC (2007), and WHO (2009) 
provide strategies for reducing and preventing risks. 
 
Airborne infections can be controlled by using an appropriate ventilation system, effective 
filters and single-bed rooms (to increase isolation capacity and reduce transmission), and by 
employing various control measures during construction or renovation (CDC and HICPAC 
2003, AIA and FGI 2006, Joseph 2006b, CDC and HICPAC 2007, Ulrich et al., 2008). 
Contact-spread infections can be effectively controlled via environmental support for hand-
washing by providing hand-washing compliances (Larson 1988, Larson 1999, Boyce and 
Pittet 2002, Joseph 2006b, Ulrich et al., 2008, WHO 2009a), proper-cleaning (e.g. by 
controlling surface contamination by using appropriate floor, wall and furniture coverings) 
(Lankford et al., 2006, Ulrich et al., 2008), and single-bed rooms with private toilets 
(Skoutelis et al., 1994, Lankford et al., 2006, Carr 2011). Waterborne infections such as 
Legionnaire’s disease can be controlled and prevented through regular cleaning, maintenance, 
and testing of the water systems and point-of-use fixtures, by correcting design, as well as 
through the location of water supply systems, water fixtures and decorative fountains 
(Sehulster et al., 2004, AIA and FGI 2006, Joseph 2006b). 
 
Medical errors (e.g. dose, route, and duplicate errors) (Leape et al., 1995, Davydov et al., 
2004), are associated with a high prescription volume, interruptions, fatigue, overwork, and 
drugs that look alike or sound alike (Hodgkinson et al., 2006), and may influenced by both 
environmental and non-environmental features. The environmental variables are mostly latent 
factors, which refer to failures resulting from decisions made by the management and 
architects (Chaudhury et al., 2009).  
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The following features in the design of the physical environmental have the strongest real or 
potential effect on workplace errors: acoustic environment, lighting, 
ergonomics/furniture/equipments, layout and room type  (Moorthy et al., 2003, Janowitz et 
al., 2006, Ulrich et al., 2008, Chaudhury et al., 2009), as adequacy in these physical 
environment would contribute to staff stress, fatigue, and burnout (Chaudhury et al., 2009).  
 
The design features of the physical environment can affect the occurrence of errors in direct 
ways (e.g. lack of adequate lighting causing a medication label to be misread), or in indirect 
ways by creating error-producing conditions (e.g. noise in and around nurses’ stations can 
cause staff stress, which in turn raises the potential for nursing errors) (Chaudhury et al., 
2009). These direct and indirect dimensions can act independently or interact with each other 
in influencing error-producing conditions (e.g. staff fatigue and stress) (Chaudhury et al., 
2009). 
 
In addition, measures that take into account indoor air quality (e.g. by using properly 
functioning and efficient ventilation), ergonomic solutions (e.g. by providing appropriate 
tools and furniture), adequate lighting (by providing natural and artificial light), protection 
from falls and fall-related injuries (e.g., by providing soft flooring and by removing physical 
restraints) (Healey 1994, Page 2004, Ulrich et al., 2004, The Center for Health Design 2012), 
and electrical safety (Spengler et al., 2001, National Research Council Canada 2009, National 
Institute of Building Sciences 2011, WBDG Secure/Safe Committee 2012) can prevent 
illnesses and injuries.  
 
 
4. CONCLUSIONS  
This work provides an overview of the beneficial implications of different physical design 
characteristics in HCFs, as well as information on the relevant guidelines and standards that 
govern these characteristics. There is strong evidence to suggest that the most important 
design elements for improving health and wellbeing in HCFs are single-bed patient rooms, 
safe and easily cleaned surface materials, sound-absorbing ceiling tiles, adequate and 
sufficient ventilation, thermal comfort, natural daylight, control over temperature and 
lighting, views, exposure and access to nature, and appropriate equipment, tools and furniture. 
This knowledge can be used to maximize the aspects of indoor design that enhance health and 
wellbeing, while minimizing or eliminating undesirable design characteristics. However, this 
review has also highlighted that further studies on the expansion of supportive indoor 
environments are needed, in order to provide guidance for future design and achieve an 
optimal environment for all users. In general, the design factors that comprise the “best design 
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practice” will vary for different user groups. Thus, communication and collaboration across a 
multidisciplinary team are vital for designing beneficial HCFs. In addition, the design should 
always integrate functional requirements with the human needs of its various users, and 
respond well to both current and future needs.  
APPENDIX 1-3. Supplementary data 
 
Supplementary data to this article can be found online at http://... 
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SUPPLEMENTARY MATERIALS 
APPENDIX 1. 
 
Search terms used 
Table 1. The following search terms and different combinations thereof (three or more 
search terms were used in simultaneously) were used in the literature search: 
1. “accessibility” 
2. “access to nature” 
3. “acoustic environment” 
4. “ambient” 
5. “appropriate” 
6. “appropriate lighting” 
7. “architectural” 
8. “areas for family” 
9. “art” 
10. “artificial” 
11. “artworks” 
12. “centralized” 
13. “carpet” 
14. “carpeting” 
15. “colour” 
16. “comfortable” 
17. “communication” 
18. “confidence” 
19. “corridor” 
20. “daylight” 
21.  “design” 
22. “decentralized” 
23. “doctors” 
24. “equipments” 
25. “environment” 
26. “ergonomics” 
27. “evidence-based design” 
28. “factor”  
29. “falls” 
30. “family’ 
31. “family zone” 
32. “feature” 
33. “floor coverings” 
34. “flooring materials” 
35. “flowers” 
36. “gardens” 
37. “greenery” 
38. “guideline” 
39. “healing environment” 
40. “health” 
41. “healthcare facility” 
42. “healthcare space” 
43. “health effects” 
44. “health promotion” 
45.  “hospital” 
46. “hospital-acquired infections” 
47. “HVAC-systems” 
51. “infections” 
52. “injuries” 
53. “interior” 
54. “layout” 
55. “light” 
56. “lighting” 
57. “medical errors” 
58. “medical outcomes” 
59. “natural light” 
60. “natural ventilation” 
61. “nature” 
62. “noise” 
63. “nurse” 
64. “nursing stations” 
65. “odours” 
66. “outcomes” 
67. “patient” 
68. “patient care” 
69. “physical”  
70. “private room” 
71. “recommendations” 
72. “restorative” 
73. “room type” 
74. “safety” 
75. “satisfaction” 
76. “security” 
77. “signage” 
78. “single-bed patient room” 
79. “single room” 
80. “spatial” 
81. “staff” 
82. “standard” 
83. “stress” 
84. “supportive” 
85. “supportive design” 
86. “surface” 
87. “temperature” 
88. “thermal comfort” 
89. “thermal environment” 
90. “unit layout” 
91. “ventilation” 
92. “views of nature” 
93. “virtual environment” 
94.  “visitor” 
95. “visual” 
96. “wayfinding” 
97. “wellbeing” 
37 
 
48.  “implication” 
49.  “indoor” 
50. “indoor plants” 
 
98. “well-designed” 
99. “windows” 
100.“window views” 
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APPENDIX 2. 
Table 1. Reference for relevant guidelines and standards (also including web 
pages and journal papers/reports) for design features in healthcare facilities 
(HCFs) 
Design feature 
of the physical 
indoor 
environment  
Reference for relevant guidelines and standards 
(also including web pages and journal papers/reports) 
Design features for 
HCFs (Including 
several different 
features of the 
physical indoor 
environment) 
 AIA. 2012. AIA Knowledge Net. AIA Academy of Architecture 
for Health (AIA 2012). 
 AIA. 2006. Guidelines for design and construction of health care 
facilities (AIA and FGI 2006). 
 AHRQ, 2008. Patient safety and quality. An evidence-based 
handbook for nurses (AHRQ 2008). 
 ASTM E2432 2011– Standard Guide for the General Principles of 
Sustainability Relative to Building (ASTM E2432 2011).  
 Carpman and Grant. 2001. Design that cares: Planning health 
facilities for patients and visitors (Carpman and Grant 2001). 
 Carr. Hospital. Whole Building Design Guide (Carr 2011). 
 Center for Health Design. 2012. Available online at: 
http://www.healthdesign.org/ (The Center for Health Design 2012). 
 FGI. 2010. Guidelines for design and construction of healthcare 
facilities (FGI 2010). 
 Friedow. 2012. An evidence based design guide for interior 
designers (Friedow 2012). 
 GGHC. 2007. Green Guide for Health Care (GGHC) (GGHC 
2007b). 
 Hamilton and Watkins. 2008 Evidence-Based Design for multiple 
building types (Hamilton and Watkins 2008). 
 McCullough. 2010. Evidence based design for healthcare facilities 
(McCullough 2010). 
 Ulrich et al. 2008. A review of the research literature on evidence 
based healthcare design (Ulrich et al., 2008). 
 United States Department of Veterans Affairs. 2012. Technical 
Information Library (TIL) (United States Department of Veterans 
Affairs 2012). 
 USAGE. 1997. Design guide for interiors (USAGE 1997). 
 Wu. 2011. Evaluation of a sustainable hospital design based on its 
social and environmental outcomes (Wu 2011). 
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Spatial layout and 
room type  
 AIA. 2006. Guidelines for design and construction of health care 
facilities (AIA and FGI 2006). 
 Bromberg. 2006. Planning and designing highly functional nurses 
stations (Bromberg 2006). 
 Carr. Hospital. Whole Building Design Guide (Carr 2011). 
 Chaudhury et al. 2003. The Use of Single Patient Rooms vs. 
Multiple Occupancy Rooms in Acute Care Environments 
(Chaudhury et al., 2003). 
 Flynn and Barista. 2005. Nursing stations for the 21st century 
(Flynn and Barista 2005).  
 Gurascio-Howard and Malloch. 2007. Centralized and 
decentralized nurse station design: an examination of caregiver 
communication, work activities, and technology (Gurascio-Howard 
and Malloch 2007). 
 IOM (2004) Keeping patients safe: Transforming the work 
environment of nurses (IOM 2004). 
 Wade. 2007. Nursing unit planning and design (Wade 2007). 
Construction 
materials  
 Carr. Hospital. Whole Building Design Guide (Carr 2011). 
 GGHC. 2007. Green Guide for Health Care (GGHC) (GGHC 
2007b). 
 USAGE. 1997. Design guide for interiors (USAGE 1997). 
Acoustic environment 
 
 Acoustical Society of America. 2012. http://acousticalsociety.org 
(Acoustical Society of America 2012). 
 AIA. 2006. Guidelines for design and construction of hospital and 
health care facilities (AIA and FGI 2006). 
 American Society for Healthcare Engineering and The Facility 
Guidelines Institute. 2010. Guidelines for Design and Construction 
of Health Care Facilities (The American Society for Healthcare 
Engineering and The Facility Guidelines Institute 2010). 
 ANSI and ASA/INCE/NCAC. 2006. Draft Interim Sound and 
Vibration Design Guidelines for Health Care Facilities (ANSI and 
ASA/INCE/NCAC 2006). 
 ARC. 2010. Standards. Sound & vibration design guidelines for 
health care facilities (ARC 2010). 
 ASA. 2012. Standards (ASA 2012). 
 ASHA.2012. http://www.asha.org/ (ASHA 2012). 
 ASHRAE. 1995. ASHRAE Handbook. Sound and vibration 
control. American Society of Heating, Refrigerating, and Air 
Conditioning Engineers, Inc. (ASHRAE 1995) 
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 Brown et al.  2008. Recommendation for the Guidelines for the 
Design and Construction of Healthcare Facilities (Brown et al., 
2008). 
 Department of Defense. 2003. Unified facilities criteria (UFC). 
Noise and vibration control (Department of Defense 2003). 
 Department of Energy. 2001. Greening federal facilities. P.123 
(Department of Energy 2001). 
 Green Guide for Healthcare. 2007. Acoustic Environment: Sound 
Isolation, v2.2 (EQ Credit 9.2) (Green Guide for Healthcare 2007). 
 INSE/USA. 2012. http://www.inceusa.org/' (INSE/USA 2012). 
 National Council of Acoustical Consultants. 2012. 
http://www.ncac.com/ (National Council of Acoustical Consultants 
2012). 
 National Research Council Canada. 2009. Acoustics Design 
(COPE) (National Research Council Canada 2009). 
 NCE/USA. 2012. http://www.inceusa.org/ (INCE/USA 2012). 
 Office of Research Facilities. 2012. NIH Design Policy and 
Guidelines (Office of Research Facilities 2012). 
 Philibin and Evans. 2006. Standards for the acoustic environment 
of the newborn ICU (Philibin and Evans 2006). 
 Public Technology Inc, Council. UGB. 1996. Sustainable building 
technical manual. Part IV. Chapter 14 (Public Technology Inc and 
Council. 1996). 
 Solet, et al. 2010. Evidence-based design meets evidence-based 
medicine: The sound sleep study (Solet et al., 2010). 
 USAGE. 1997. Design guide for interiors (USAGE 1997). 
 U.S. EPA. 2012. Safe dB levels (EPA 2012) 
 U.S. General Services Administration. 2010. Facilities standards 
for the public buildings service. P100. (Chapter 3.13)  (U.S. 
General Services Administration 2010). 
 WHO. 1999. WHO Guidelines for Community Noise (WHO 1999) 
. 
 WHO. 2005. Quantifying burden of disease from environmental 
noise: Second technical meeting report (WHO 2005). 
Ventilation   AIA. 2006. Guidelines for design and construction of health care 
facilities (AIA and FGI 2006). 
 Alevantis et al. 1996. Pressure and ventilation requirements of 
hospital isolation rooms for tuberculosis (TB) patients: Existing 
guidelines in the United States and a method for measuring room 
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leakage (Alevantis et al., 1996). 
 ASHRAE. 2003. HVAC design manual for hospitals and clinics 
(ASHRAE 2003b). 
 ASHRAE. 2003. Chapter 7, Health Care Facilities. Handbook 2003 
Applications –HVAC Applications (ASHRAE 2003a). 
 ASHREAE/ASHI. 2008. Standard 170- 2008 (Ventilation of 
Health Care Facilities) (ASHRAE and ASHI 2008). 
 Bartley, et al. 2010. The role of humidity in operating rooms – 
Demystifying the Myth (Bartley et al., 2010a). 
 CDC. 2003. Guidelines for environmental infection control in 
health-care facilities (CDC 2003a). 
 CDC and HICPAC. 2003. Guidelines for environmental infection 
control in healthcare facilities: Recommendations of CDC and 
HICPAC (CDC and HICPAC 2003).  
 DGKH. 2002. Guidelines (draft): Designing and operating Heating, 
Ventilation and Air-Conditioning (HVAC) in Hospitals (DGKH 
2002). 
 DIN 1946-4. 2005. Ventilation and air-conditioning. Part 4. 
Ventilation in hospitals (DIN 1946-4 2005). 
 DVA. 2006. HVAC design manual for new hospitals, replacement 
hospitals, ambulatory care, clinical additions, energy centers, 
outpatient clinics (DVA 2006).  
 FGI (Facilities Guidelines Institute). 2010. Guidelines for Design 
and Construction of Health Care Facilities (FGI 2010).  
 Tang et al. 2006. Factors involved in the aerosol transmission of 
infection and control of ventilation in healthcare premises (Tang et 
al., 2006). 
 VDI 2167. 2005. Building Services in Hospitals. Heating 
ventilaation and air-conditioning (VDI 2167 2005). 
 VDI 6022. 2006. Hygienic standards for ventilaation and air-
conditioning systems (VDI 6022 2006). 
Thermal environment   ASHRAE Standard 55-2010. Thermal environmental conditions 
for human occupancy (ASHRAE 2010). 
 ASHRAE. 2003. HVAC design manual for hospitals and clinics 
(ASHRAE 2003b). 
 ASHRAE. 2003. Chapter 7, Health Care Facilities. Handbook 2003 
Applications –HVAC Applications (ASHRAE 2003a). 
 CBE. 2008. Advanced Human Thermal Comfort Model (CBE 
2008). 
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 Department of defence. 2004. UFC 3-440-06N. Unified facilities 
criteria (UEF). Cooling buildings by natural ventilation 
(Department of defence 2004). 
 DVA. 2006. HVAC design manual for new hospitals, replacement 
hospitals, ambulatory care, clinical additions, energy centers, 
outpatient clinics (DVA 2006). 
 EN-ISO 12569. 2001. Thermal insulation in buildings - 
Determination of air change in buildings - racer gas dilution 
method (EN-ISO 12569 2001). 
 EPA 2007. Energy Independence and Security Act of 2007 (EISA 
2007) (EPA 2007). 
 USGBC 2010. Leed for healthcare (USGBC 2010). 
 Wu. 2011. Evaluation of a sustainable hospital design based on its 
social and environmental outcomes (Wu 2011). 
Odours  EPA VICTORIA. 2012. Reducing odour and air emissions (EPA 
Victoria 2012). 
 USEPA. 1991. Building air quality. A guide for building owners 
and facility managers (USEPA 1991). 
Visual environment 
(including lighting, 
views, exposure and 
access to nature, 
colour, artworks)  
 
 CIE. 2011. CIE Guide to Increasing Accessibility in Light and 
Lighting (CIE 2011).  
 Department of Defense, 2012. Unified facilities criteria (UFC). 
UFC 3-530-01. Design: Interior, exterior, lighting and controls 
(Department of Defense 2012). 
 Department of Energy. 2001. Greening federal facilities. An 
energy, environmental, and economic resource guide for federal 
facility managers and designers (Department of Energy 2001). 
 Designlights Consortium. 2012. http://www.designlights.org/ 
(Designlights Consortium 2012). 
 Designlights Consortium. 2010. Solid state lighting (SSL) 
(Designlights Consortium 2010). 
 Figueiro et al. 2006. A discussion of recommended standards for 
lighting in the new born intensive care unit (Figueiro et al., 2006). 
 Franklin. 2012. Nature that nurtures. Hospital gardens turn out to 
have medical benefits (Franklin 2012). 
 Gordon G. 2003. Interior lighting for designers (Gordon 2003). 
 Hathorn and Nanda. 2008. A Guide to Evidence-based Art 
(Hathorn and Nanda 2008). 
 Illuminating Engineering Society.  2012. http://www.iesna.org/ 
(Illuminating Engineering Society 2012).  
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 Illuminating engineering society. 2011. The lighting handbook 
(IES 2011). 
 Leibrock and Harris. 2011. Design Details for Health: Making the 
Most of Design's Healing Potential (Leibrock and Harris 2011). 
 Lighting Research Center. 2012. http://www.lrc.rpi.edu (Lighting 
Research Center 2012b). 
 Lighting Research Center. 2012. Daylighting (Lighting Research 
Center 2012a). 
 Rea MS. 2000. The IESNA lighting handbook: reference & 
application (Rea 2000). 
 Singer and Tschudi. 2009. High performance healthcare buildings: 
A roadmap to improved energy efficiency (Singer and Tschudi 
2009). 
 Tofle et al. 2004. Color in Healthcare Environments (Tofle et al., 
2004). 
 U.S. EPA. 2012. Commercial building design (U.S. EPA 2012). 
 USP-NF. 2010. Physical environments that promote safe 
medication use. Revision Bulletin (USP-NF 2010).  
Ergonomic solutions, 
furniture and 
equipment  
 CDC. 2008. FastStats: Obesity and overweight (CDC 2008a). 
 CEN and CENELEC. 2002. CEN/CENELEC Guide 6. Guidelines 
for standards developers to address the needs of older persons and 
persons with disabilities. Available online at: 
ftp://ftp.cen.eu/boss/reference_documents/guides/cen_clc/cen_clc_
6.pdf (CEN and CENELEC 2002). 
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df (IEC/TR 2010).  
 ISO/ TR. 2008. ISO/TR 22411:2008. Ergonomics data and 
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SUPPLEMENTARY MATERIAL 
APPENDIX 3. 
 
Architectural features and supportive design strategies 
which should be included in healthcare facility design  
(Note! The reference is a study/suggestion which the supportive design strategies mentioned 
are based on) 
 
Spatial layout and room type 
 Layout which supports all possible treatment processes today and in the future (Vos et al., 
2007). 
 Minimized  necessary travel distance between frequently used spaces (Carr 2011). 
 Easy visual supervision of patients by a limited staff (Carr 2011). 
 Visual access to caregivers (Evans and Cohen 1987). 
 Quick access in emergencies (Evans and Cohen 1987). 
 Only required spaces and no redundant ones (Carr 2011). 
 An efficient logistics system (Carr 2011). 
 Efficient use of space by locating support spaces so that they may be shared by adjacent 
functional areas and by making prudent use of multi-purpose spaces (Carr 2011). 
 Consolidate outpatient functions for more efficient operation (on the first floor, if 
possible) (Carr 2011). 
 Grouped or combined functional areas with similar system requirements (Carr 2011). 
 Optimized functional adjacencies, such as locating the surgical intensive care unit 
adjacent to the operating suite (Carr 2011). These adjacencies should be based on a 
detailed functional program that describes the hospital’s intended operations from the 
standpoint of patients, staff and supplies (Carr 2011).  
 Separated public transport routes from staff/patient transport routes (Ampt et al., 2008). 
 Privacy for bathing and dressing (Evans and Cohen 1987). 
 Decentralized nursing stations for increased patient care time by staff (by reducing time 
staff spend walking), increased community between staff and patient/family, increased 
patient safety, decreased noise levels and increased active participation of patients and 
families in the care (Gurascio-Howard and Malloch 2007, Hendrich 2003, IOM 2004, 
McCarthy and Blumenthal 2006, Shepley and Davies 2003, Hendrich et al., 2008, 
Christensen 2005, Devlin and Arneill 2003, Joseph 2006b, Harale 2010). (However, 
nurses in centralized stations communicate more with colleagues regarding patient 
information (Gurascio-Howard and Malloch 2007) (leads to knowledge sharing between 
staff and increases co-operation, commitment and trust that helps team members in 
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performing their job effectively (Becker 2007a), have more of a sense of team connection 
and get more support from colleagues than nurses in decentralized stations (Tyson et al., 
2002). 
 Distinct zones within decentralized stations: curb-side (for impromptu meetings); step-in 
(for involved work), immersive (for private and planned meetings (Bromberg 2006), and 
neutral zone (which is not owned by or assigned to an individual, or group and is devoid 
of any hierarchical boundaries) (Becker and Parsons 2007).  
 Consistently designed nursing pods that cater to every activity that occurs there, while 
still considering patient proximity and staff fatigue (e.g. noise reduction of pods and a 
need for individual privacy)  (Harale 2010).  
 Low (no high) counters at nurses’ stations (Ampt et al., 2008). 
 Low corridor walls and counter (Ampt et al., 2008). 
 Standardized layout of single rooms, including locating patient bathroom close to the 
head of the bed, providing handrail supports around the walls of each room, installing 
hand-washing sinks in each room and providing a small alcove outside each room (Ampt 
et al., 2008). 
 Materials and finishes which work with the layout to create a set of varied places with 
different degrees of privacy (Schaller 2012). 
 As many single rooms as possible (Ampt and others 2008; Ben-Abraham and Keller 
2002; Chaundhury and others 2005; Chaundhury and others 2006; Joseph 2006b; Joseph 
and Ulrich 2007; Ulrich and others 2004; Ulrich and Wilson 2006; Ulrich and others 
2008; van de Glind and others 2007). 
 In an emergency department the needs of confidentiality in communication balanced with 
the need for direct patient observation (van de Glind et al., 2007). 
 In single rooms: televisions and radios (and individual control over it) (Ampt and others 
2008; Carr 2011; Stichler 2001); individual lighting switches (for example, bedside 
dimmers that enable control over lighting (Carr 2011, Ampt et al., 2008); choice of 
artwork (Hathorn and Nanda 2008); storage area for belongings (Carr 2011). 
 A minimum space of 650 mm allowed on both sides of the patient bed (for making the 
bed) (Workplace Design Working Party 1999). 
 Provision of acuity-adaptable rooms (Ampt et al., 2008). 
 Adequate consultation rooms (areas that enhance visual and auditory privacy) for 
confidential discussions (Ampt et al., 2008). 
 An area (e.g. a family zone in patient rooms) to accommodate families and provide 
convenient overnight accommodations (Stichler 2001; Ulrich 1991; Ulrich 2000a). 
 In a family zone: furniture for sleeping, phone and internet connection, a reading light 
with a separate control and out of the way of the staff (Carr 2011). 
 Places where patients can engage socially with family and other caregivers, such as a 
“family kitchen” in inpatient units where family members can prepare food for patients 
and families to eat together (Carr 2011). 
 Short corridors (Karlin and Zeiss 2006). 
 Walkways which do not have dead ends for people with dementia (Devlin and Arneill 
2003). 
 Walkways which consist of looped paths and central open areas (such as a widened 
hallway) or open activity areas that can reduce disorientation (Devlin and Arneill 2003). 
 Pleasant and welcoming main entrances and reception areas  (Schaller 2012). 
 Calming and non-intimidating internal appearance (Schaller 2012). 
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Construction materials 
 Materials with protection from fire, environmental contaminants and the elements 
(USAGE 1997). 
 Sustainable materials (National Institute of Building Sciences 2011; WBDG 2012a; 
WBDG Productive Committee 2012a; WBDG Sustainable Committee 2012).  
 
Flooring materials  
 No carpeting in areas where spills are likely to occur (CDC and HICPAC 2003; Sehulster 
and others 2004). If carpeting is used, proper methods of carpet maintenance and cleaning 
are critical to minimize or prevent the production of aerosols and the dispersal of 
microorganisms into the air (Carpet and Rug Institute 2004, Institute of Inspection 
Cleaning and Restoration Certification 2002, Radke 1997).  
 
Acoustic environment 
 Well-designed acoustic environment with reduced noise levels (Berens and Weigle 1996; 
Blomkvist and others 2005; Flynn and others 1999; Hagerman and others 2005; Johnson 
2001; Joseph 2010; Joseph and Ulrich 2007; Kristner and others 1994; MacLeod and 
others 2006; U.S. Army Corps Engineers 1997; Ulrich and others 2008).  
 Identified the various sources of noise to determine whether and how these noises can be 
reduced (Beyea 2007).  
 Coordinated the selection of materials; for wall finishes, floor covering and ceilings must 
be coordinated to ensure the desired level of acoustic control (USAGE 1997). 
 Controlled sound indoors in general ways: 1) Eliminate the source; 2) Isolate the source – 
provide a barrier between the user and the source; 3) Mask the offending sound – if it is 
not possible to isolate the sound, minimize its impact on the user (USAGE 1997). 
 The following environmental design implications and their combinations used in order to 
reduce noise levels: high-performance sound-absorbing ceiling tiles and panels 
(Blomkvist and others 2005; Joseph and Ulrich 2007; Rollins 2004; USAGE 1997), 
carpeted surfaces (Lowers 1999; Neumann and Ruga 1995; Philbin and Gray 2002; 
Weber 1995), sound-attenuating surfaces (Biley 1994; Rollins 2004; Ulrich and others 
2004; USAGE 1997) and materials (Cohen and Smetzer 2009) (no hard and sound-
reflecting surfaces (Joseph and Ulrich 2007)), single-bed rather than multi-bed rooms 
(Bailey and Timmons 2005; Biley 1994; Joseph and Ulrich 2007; Southwell and Wistow 
1995; Ulrich and others 2004; Ulrich and others 2008; Yinnon and others 1992), short 
corridors (Joseph and Ulrich 2007, Ampt et al., 2008), the reduction and elimination of 
noise sources such as overhead paging and call systems and staff conversations (Beyea 
2007; Biley 1994; Carr 2011; Cmiel and others 2004a; Joseph 2010; Joseph and Ulrich 
2007; Solet and others 2010; Ulrich and others 2004), and the introduction of a sound 
environment with specially designed music (Thorgaard et al., 2005).  In addition, site-
exterior noise and staff behavioural protocols are available channels for improving the 
acoustics in the HCF (Solet et al., 2010).  
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 Taken into account that some health care areas have their own specific acoustic 
guidelines, for example, the neonatal intensive care unit (NICU) (Philibin and Evans 
2006). 
 The following design features implemented within the neonatal intensive care 
environment in order to reduce disturbing noise levels: 1) Installation of soft linoleum 
flooring (Bremmer et al., 2003); 2) Placement of sinks away from infant beds (Bremmer 
et al., 2003); 3) Use of curtains (Bremmer et al., 2003); 4) Arrangement of beds as far 
from the nurses’ station as possible (Bremmer et al., 2003); 5) Placement of air 
conditioning ducts in corners (not near infant beds) (Bremmer et al., 2003); 6) Provision 
of entry and exit doors within a vestibule with sliding or swinging doors (Bremmer et al., 
2003); 7) Creation of storage spaces with open shelving away from infant beds (Bremmer 
et al., 2003); 8) Restriction of glass to areas that actually require visualization because 
glass is highly sound-reflective (White 2006); 9) Choice of taps that are quiet and produce 
warm water instantly (to minimize the sound of running water) (White 2006); 10) 
Acoustic isolation of noise-generating activities (White 2006); 11) Replacement of metal 
trash cans with plastic (Wals-Sukys et al., 2001); 12) Placement of covers over incubators 
(Wals-Sukys et al., 2001); 13) Installation of carpet along the centre of the nursery (Wals-
Sukys et al., 2001); 14) The placement of sound-absorbing materials in all bays (Wals-
Sukys et al., 2001). 
 Reduced sound reverberation time inside the workplace by specifying sound absorbing 
materials and by configuring spaces to dampen rather than magnify sound reverberation 
(WBDG Productive Committee 2012c).  
 Sound masking if necessary (WBDG Productive Committee 2012c).  
 Limited transmission of noise from outside the workplace by designing high sound 
transmission class (STC) walls between work areas and high noise areas inside and 
outside the building (WBDG Productive Committee 2012c).   
 Minimized background noise from the building’s HVAC system and other equipment 
(WBDG Productive Committee 2012c).  
 Enclosed or separated group activity spaces from work areas where concentration is 
important (WBDG Productive Committee 2012c).  
 Adequate speech privacy. Speech privacy is achieved when there is sufficient acoustic 
shielding to keep a conversation from being heard by others (USAGE 1997). 
 Optimized planning for open areas considers background noise and the use of absorptive 
ceiling, flooring, and furnishing elements (USAGE 1997). 
 Materials and surfaces chosen to limit sound transmission from nurses’ stations (Solet et 
al., 2010). 
 Special consulting spaces allocated for nurses in which voice-based information can be 
transferred away from open hall areas, yet not far from nursing stations (Solet et al., 
2010). 
 Protocols such as dimming hall lights at night as a “quiet cue” incorporated as part of 
behavioural protocols to limit the disruption of sleep by staff voices (Solet et al., 2010). 
 Site considerations to reduce air, train, and road traffic noise exposure (Solet et al., 2010). 
 When site options are limited, enhanced building envelope solutions put in place to 
protect patients (Solet et al., 2010). 
 Architecturally isolated ice machines from patient areas or dramatically re-engineered 
machines (Solet et al., 2010). 
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 Substituted quieter or low-tech alternatives for automatic hand towel dispensers (often 
described as disruptive by patients) (Solet et al., 2010). 
 Proper door hardware (will limit latch noises); door gasket selection (will better protect 
patients from hall and nurses’ station noise), as well as blocking transfer out of noise 
generated within that patient room (Solet et al., 2010). 
 Re-examined policy regarding keeping patient doors open. Other options considered, 
including systems-level solutions such as telemetry to a common station and assignment 
of staff to specific patients, allowing them to be individually alerted to patient needs 
(Solet et al., 2010). 
 Low uncontrollable stimulation level, such as daytime television in health care waiting 
areas (Ulrich et al., 2003). 
 Effective management of noise in the health care environment requires a team effort, and 
it is always important to discuss the disadvantages of noise with the employees (Johns 
Hopkins University 2005).  
 Sound levels in patients’ rooms under 35 decibels (WHO 2007b, Grumet 1993). 
 Background noise under 35 decibels during the day (Grumet 1993) and the average 
hospital noise level under 45 dB during the daytime and under 35 dB at night (Cmiel et 
al., 2004). The International Noise Council has suggested a maximum of 45 dB, on 
average, in acute care areas during the daytime, 40 dB in the evening, and 20 dB (a soft 
whisper) at night (Grumet 1993). 
 
Ventilation  
 Clean and filtered air and controlled indoor air pollution through ventilation (IFC 
Environmental 2003; Joseph 2006b; Joseph 2010). 
 Ventilation system designed to exceed ASHRAE Standard 62: Ventilation for Acceptable 
Indoor Air Quality (WBDG 2012).  
 A properly designed and functioning HVAC system (the HVAC system includes all 
heating, cooling, and ventilation equipment serving a building) (USEPA 1991).  
 HVAC system within isolation rooms to protect the health of occupants and control the 
risk of airborne diseases (Balocco and Liò 2010; CDC and HICPAC 2007; Eames and 
others 2010; Li and others 2007; Tang and others 2006; Tunga and others 2009; Zhao and 
others 2009).  
 The combination of HEPA filtration, high numbers of air changes per hour (>12 ACH), 
and minimal leakage of air into the room for patients who have undergone allogeneic 
hematopoietic stem cell transplant (HSCT) (CDC and HICPAC 2003).  
 Continuous maintenance and contamination protection of HVAC systems (WBDG 2012). 
 Efficient, state-of-the-art heating, ventilating, air-conditioning (HVAC) systems, and 
equipment that requires little maintenance, minimal loss of service, and less energy 
(Mazarella 2011). 
 HVAC cooling systems equipped, maintained and operated so as to prevent the growth 
and spreading of disease agents (e.g. Legionnella pneumophilia) or breeding of vectors, 
e.g. mosquitoes and flies of public health concern (IFC Environmental 2003). 
 Analyzed room configurations and HVAC distribution layouts (WBDG Productive 
Committee 2012b). 
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 Regular maintenance (cleaning for some and replacement for most) for all kinds of air 
filters (USEPA 1991). 
 Air inlet filters kept clean and free of dust and microorganisms (IFC Environmental 
2003).  
 Natural ventilation considered in order to reduce the risk of spreading infections (WHO 
2009, WHO 2007a), to reduce energy use and cost and provide acceptable indoor 
environmental quality and maintain a healthy, comfortable, and productive indoor climate 
(Mills 2004; Walker 2012; WHO 2007a; WHO 2009b). 
 According WHO (2009) guidelines: 1) To help prevent airborne infections, adequate 
ventilation in health care facilities in all patient care areas is necessary; 2) For natural 
ventilation, the following minimum hourly averaged ventilation rates should be provided: 
–– 160 l/s/patient (hourly average ventilation rate) for airborne precaution rooms (with a 
minimum of 80 l/s/patient) (note that this only applies to new health-care facilities and 
major renovations); –– 60 l/s/patient for general wards and outpatient departments; and –– 
2.5 l/s/m3 for corridors and other transient spaces without a fixed number of patients., 
However, when patient care is undertaken in corridors during emergency or other 
situations, the same ventilation rate requirements for airborne precaution rooms or general 
wards will apply. The design must take into account fluctuations in the ventilation rate. 
When natural ventilation alone cannot satisfy the recommended ventilation requirements, 
alternative ventilation systems, such as hybrid (mixed-mode) natural ventilation should be 
considered, and then if that is not enough, mechanical ventilation should be used; 3) 
When designing naturally ventilated health-care facilities, overall airflow should bring the 
air from the agent sources to areas where there is sufficient dilution, and preferably to the 
outdoors; 4) For spaces where aerosol-generating procedures associated with pathogen 
transmission are conducted, the natural ventilation requirement should, as a minimum, 
follow Recommendation 2. Should the agent be airborne, Recommendations 2 and 3 
should be followed. 
 Noted that although natural ventilation offers many benefits, it is not suitable for all 
climate and building types (Walker 2012).  
 Noted that unlike true air conditioning, natural ventilation is ineffective at reducing the 
humidity of incoming air. This places a limit on the application of natural ventilation in 
humid climates (Walker 2012).  
 Considered natural ventilation for warm and temperate climates (Walker 2012, WBDG 
Productive Committee 2012a).  
 Decision on whether to use mechanical or natural ventilation for infection control based 
on need, the availability of the resources, and the cost of the system to provide the best 
control to counteract the risks (WHO 2009).  
 Naturally ventilated hospitals or airborne precaution rooms designed properly for natural 
ventilation to provide the recommended ventilation rates. Otherwise, factors such as the 
lack of directional control of airflow may potentially lead to the transmission of infections 
(WHO 2009).  
 Ventilation air which is effectively delivered to and distributed throughout the “breathing 
zone” (WBDG Productive Committee 2012a).  
 Local exhaust for restrooms, kitchens, janitor’s closets, copy rooms, etc. (WBDG 
Productive Committee 2012a). 
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 Considered installing CO2 sensors to provide real-time monitoring of air quality (WBDG 
Productive Committee 2012a) and assess the air quality of spaces to adjust ventilation 
(WBDG Productive Committee 2012c). 
 Considered separating thermal conditioning from ventilation in order to vary the delivery 
of air volume separately from temperature for better comfort (WBDG Productive 
Committee 2012a). 
 Individual air and temperature controls at each workstation (WBDG Productive 
Committee 2012c).  
 Considered recessed grates, “walk off” mats and other techniques to reduce the amount of 
dirt entering the building (WBDG Productive Committee 2012a).  
 Adequate time for installed materials and furnishings to “outgas” before a new workplace 
is occupied. Assist the process by running the HVAC system continuously at the highest 
possible outdoor air supply setting after materials and furnishings have been installed to 
adequately "flush out" the facility. (The exact timing may vary for different materials and 
different environmental conditions.) (WBDG Productive Committee 2012a). 
 Considered “modular zoning” for air distribution in order to avoid cross-contamination, 
including providing the mail handling centre with a separate ventilation system (WBDG 
Productive Committee 2012a).  
 Outside air intakes located to minimize entrainment of exhaust fumes and other odours 
(e.g., vehicle exhaust, grass cutting and ground maintenance activities, industrial pollutant 
sources, cooling tower blow-offs, and sewage ejector pits) (National Institute of Building 
Sciences 2011, WBDG Productive Committee 2012a).  
 Ventilation design which meets the Guidelines for Design and Construction of Health 
Care Facilities by FGI (Facilities Guidelines Institute), in which the Standard 170- 2008 
(ASHRAE and ASHI 2008) by ASHREAE/ASHI (The American Society of Heating, 
Refrigerating and Air-Conditioning Engineers/American Society for Healthcare 
Engineering) is as Part Six (FGI 2010).  
 Ventilation design considered physical activity, processes being undertaken, substances in 
use (e.g. pharmaceuticals), and related emissions in HCFs (IFC Environmental 2003).  
 
Odour, smells  
 Reduced odours by providing good air quality and ventilation and single private rooms 
(avoid a variety of odours that a roommate may emit) (Malkin 2003).  
 Removed offensive odours from the immediate environment as quickly as possible and 
provide other, more pleasant odours to replace the noxious ones, such as vanilla, 
lavender, and mint (Malkin 2003). 
 Controlled odours in a building by using the following techniques: 1) Diluted odours with 
outdoor air. Dilution can work only if there is a consistent and proper flow of supply air 
that mixes effectively with room air; 2) Designed and operated the HVAC system so that 
pressure relationships between rooms are controlled. This control is accomplished by 
adjusting the air quantities that are supplied to and removed from each room; 3) Used 
local exhaust systems (sometimes known as dedicated exhaust ventilation systems) to 
isolate and remove contaminants by maintaining negative pressure in the area around the 
contaminant source. Local exhaust can be linked to the operation of a particular piece of 
equipment (such as a kitchen range) or used to treat an entire room (such as a smoking 
lounge). Air should be exhausted to the outdoors (not recirculated) from locations that 
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produce significant odours and high concentrations of contaminants (such as copy rooms, 
bathrooms, and kitchens) (USEPA 1991). 
 
 
Thermal environment 
 Used American Society of Heating, Refrigerating and Air Conditioning Engineers 
(ASHRAE) Standard 55, Thermal Environmental Conditions for Human Occupancy in 
order to maintain thermal comfort (ASHRAE 2010). The ASHRAE (as well as ISO) 
Standard provides requirements and suggestions in order to ensure that at least 80% of 
occupants feel thermally satisfied (Wu 2011, ISO 2005, ASHRAE 2010).  
 Bedroom temperatures at night < 26 °C unless ceiling fans are available (CIBSE 2005).  
 Control over thermal environment for occupants and thermal variation in space and 
between spaces over time (de Dear 2011; Orians 1992; Parsons 1991). 
 Taken into account that radiant heat transfer may cause people located near very hot or 
very cold surfaces to be uncomfortable even though the thermostat setting and the 
measured air temperature are within the comfort range (USEPA 1991).  
 Temperature of interior wall surfaces moderated by adding insulation to walls (USEPA 
1991).  
 Curtains that close to reduce heating from direct sunlight and isolate building occupants 
from exposure to window surfaces (which can be much hotter or colder than the walls 
because windows lack insulation) (USEPA 1991). 
 In temperate and warm climates and under good ambient air quality conditions, a higher 
ventilation rate is good for both thermal comfort and indoor air quality (WHO 2009).  
 In cold climates outdoor air infiltration minimized for thermal comfort (WHO 2009). A 
final design a compromise between the conflicting requirements in hot summer and cold 
winter conditions (WHO 2009).  
 The impact of climatic warming considered, when naturally ventilated spaces are 
designing in hospitals (Wu 2011).  
 
 
Visual environment 
 A visually appealing environment through the appropriate and well-balanced use of scale, 
colours, textures, patterns, artwork, and plants (WBDG Productive Committee 2012c).  
 No uniformity or visual chaos (WBDG Productive Committee 2012c). 
 
Lighting (natural daylight and artificial light)  
 Adequate and appropriate exposure to light, both natural and artificial (Buchanan and 
others 1991; Edwards and Torcellini 2002; Joseph 2006a; Ulrich and others 2008).  
 Windows in every patient room, waiting areas, staff spaces and wherever possible (Ander 
2012; Carr 2011; Cohen and Smetzer 2009; Edwards and Torcellini 2002; Farley and 
Veitch 2001; Kaplan and Kaplan 1989; Leather and others 1998 ; Stichler 2001; Ulrich 
2000b; Verderber 1986). 
 Windows which allow as much as possible daylight to penetrate as far as possible into a 
room (WBDG Productive Committee 2012a, Ander 2012), while accounting for 
temperature, glare and shade effects and control (Ampt and others 2008; Edwards and 
Torcellini 2002; Joseph 2006a).  
 Control or eliminate glare from ceiling lighting and windows (WBDG Productive 
Committee 2012c).  
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 In any given environment, the users are able to see easily, comfortably and accurately 
(Ander 2012). 
 Natural daylight where possible, and if not available, colour-corrected lighting (white 
lights (400-600nm)) that closely approximates natural daylight in interior spaces (Carr 
2011; Heschong 1999; Stichler 2001). 
 Integrated natural and electric lighting systems (WBDG Productive Committee 2012a), 
strategies, and provide controls that optimize daylight/electric lighting interaction. Light 
vertical surfaces/walls to increase the perceived brightness of the space (WBDG 
Productive Committee 2012c). 
 Lighting that supports the natural circadian rhythm (Carr 2011). 
 Access and exposure to natural lighting entering through windows (Ander 2012; Edwards 
and Torcellini 2002; IFC Environmental 2003; Joseph 2010; Ulrich and others 2008).  
 Windows in staff break rooms so staff has access to natural light (Ampt et al., 2008, 
Joseph 2006a).  
 Installed glass panels in workstation walls to provide access to daylight and views 
(WBDG Productive Committee 2012c).  
 Sufficient artificial illumination (Ander 2012; Edwards and Torcellini 2002; IFC 
Environmental 2003; Joseph 2010; Ulrich and others 2008).  
 Assessed adequacy of lighting levels in staff work areas (Ampt et al., 2008, Joseph 
2006a). 
 High lighting levels for complex visual tasks (Ampt et al., 2008, Joseph 2006a). 
 Balanced the quantity and quality of light in all work areas and design for “uniformity 
with flexibility.” Consider individually controlled task lighting for each workstation that 
properly illuminates the task (WBDG Productive Committee 2012c).  
 Supplement general light with dedicated work station illumination as needed (IFC 
Environmental 2003).  
 Using light shelves (solid horizontal elements placed above eye level, but below the top 
of the window) to reflect daylight deep into the room considered (WBDG Productive 
Committee 2012a).  
 Daylight/sunlight in patient and staff areas ensured (e.g. windows, skylight, atria) – 
particularly morning light (Ampt et al., 2008).  
 Maximized early morning sunlight (Ampt and others 2008; Benedetti and others 2001; 
Joseph 2006a) 
 Ensured absolute darkness in the evening (Carr 2011) (or at least provided periods of low 
light for sleep (Stichler 2001)); for night-time movement, only red lights (650-700nm) 
should be present in the rooms. (Carr 2011). 
 No building plans with a large proportion of windowless rooms (Ulrich 2005). 
 No site plans where some buildings block light from others (Ulrich 2005). 
 Lighting design which pays attention to the colours of the space, lightness, brightness, 
and reflectance differences. The illumination level required for most environments is a 
function of the type of activities, the characteristics of the visual task, and the age of the 
users (Ander 2012).  
 Adequate light intensity for the general purpose of the location and type of activity (IFC 
Environmental 2003). 
 Indirect lighting controlled by a dimmer switch around the perimeter of the room, a 
central procedural light, and small task and under-counter lights are elements of 
beneficial interior design (Ampt et al., 2008, Brown and Taquino 2001).  
 Switches for all lights placed at the entrance to each room to cater for emergencies, and a 
master switch for controlling all lights should be installed to allow for immediate 
darkness as needed for transillumination (Ampt et al., 2008, Brown and Taquino 2001).  
 In daytime, adequate bright artificial lighting when natural light is not available for 
patients, and in night time, light dimmed enough to ensure good sleep (Ulrich et al., 
2008).  
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 Adequate light levels (combination of natural and artificial sources) for the required task 
for staff (Ander 2012). 
 High lighting levels for performing critical or complex visual tasks for staff (Ampt and 
others 2008; Chaudhury and others 2009; Joseph 2006a).  
 High lighting levels in order to reduce medical errors (Buchanan et al., 1991).  
 Taken into account the age of the occupant (Edwards and Torcellini 2002), and as the 
average age of nurses is increasing, bright work surface illumination levels (1500-2000 
lx) may be necessary to reduce errors in dispensation and to aid in paper-based tasks 
(Ulrich and Barach 2006).  
 Increased lighting levels for workers over the age of 45 and when fatigue increases near 
the end of a shift (Cohen and Smetzer 2009). To obtain the proper visual sharpness, the 
average 60-year-old person needs two to three times the light of a 20-year-old, and an 86-
year-old person may require five times the lighting levels (Edwards and Torcellini 2002).  
 Installed and automatically activated emergency lighting of adequate intensity to ensure 
safe shut-down, evacuation, etc. (IFC Environmental 2003).  
 Understand that a different building orientation will benefit from different daylight 
strategies; for example, light shelves (which are effective on south facades) are often 
ineffective on east or west elevations of the building (Ander 2012).  
 Energy efficient light sources with minimal heat emission (IFC Environmental 2003).  
 Recognized  effects of amount and timing of light on different user groups (Ulrich et al., 
2008).  
 Reduced institutional lighting and emphasized residential-style lighting where possible 
(Ampt et al., 2008). 
 Individual control of task lighting and, where possible, adjustment of ceiling light using 
advanced lighting systems technologies (WBDG Productive Committee 2012c).  
 In single patient rooms, indirect lighting controlled by a dimmer switch around the 
perimeter of the room, a central procedural light, and small task and under counter lights 
(Ampt et al., 2008, Brown and Taquino 2001). 
 Switches for all lights placed at the entrance to each room to cater for emergencies, and 
install a master switch for control of all lights to allow for immediate darkness as needed 
for transillumination (Ampt et al., 2008, Brown and Taquino 2001).  
 Individually controlled lighting for work areas (Ampt et al., 2008).  
 For staff, personal dimming (choice of lighting) controls (OíNeill and Evans 2000). 
 Individual control of task lighting and, where possible, adjustment of ceiling light using 
advanced lighting systems technologies(WBDG Productive Committee 2012c). 
 Considered lighting manipulation to reduce agitation for patients with Alzheimer’s 
disease (Ampt et al., 2008). In the absence of normal daylight rhythms, provide cycled 
lighting (Ampt et al., 2008).  
 Sensory variation in ambient conditions (e.g. light levels, temperature) between spaces 
and over time (Orians 1992, Parsons 1991). 
 
Daylight design:  
 Design team members need to be brought into the process early to ensure that day 
lighting concepts and ideas are carried throughout the project (Ander 2012).  
 Awareness of basic visual acuity and performance issues is essential to an effective day 
lighting design, including: 1) Veiling reflections of high brightness light sources (Avoid 
specula, or shiny surfaces, particularly where critical visual tasks occur); 2) Distribution 
(Ensure even distribution. The human eye can adjust to high levels of luminance as long 
as it is evenly distributed); 3) Glare or excessive brightness contrast (Avoid glare or 
excessive brightness, because they are an aspect of lighting that can cause discomfort to 
occupants); and 4) Variety (Integrate a “blast” of beam daylight in a circulation area for 
visual interest and to help lead occupants through a building. Dull uniformity in lighting 
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can lead to tiredness and lack of attention—neither of which is compatible with a 
productive environment) (Ander 2012). 
 Design for diffuse, uniform daylight throughout the room. Avoid glare. Avoid direct 
beam sunlight in continuously occupied spaces. However, sun “spots” in other, shared or 
public spaces are desirable and psychologically beneficial (WBDG Productive Committee 
2012a). 
 Consider shared daylight through glazed interior walls (WBDG Productive Committee 
2012a). 
 Reflect daylight within a space to increase room brightness. A light shelf, if properly 
designed, has the potential to increase room brightness and decrease window brightness 
(Ander 2012).  
 Filter daylight. The harshness of direct light can be filtered with vegetation, curtains, 
louvers, or the like, and will help distribute light (Ander 2012).  
 Provide controls that turn off lights when sufficient daylight exists (WBDG Productive 
Committee 2012a). 
 Introduce as much controlled daylight as deep as possible into a building interior (Ander 
2012).  
 Allow daylight penetration high in a space. Windows located high in a wall or in roof 
monitors and clerestories will result in deeper light penetration and reduce the likelihood 
of excessive brightness (Ander 2012). 
 Consider dimming controls that continuously adjust lighting levels to respond to daylight 
conditions (WBDG Productive Committee 2012a). 
 As part of a day lighting design, consider the use of continuously dimming fixtures 
controlled by luminous sensors (Ander 2012).  
 Take into account that direct sunlight can damage interior furnishings, and the ultraviolet 
radiation component of sunlight can combine with volatile organic compounds (VOCs) 
that might be present to form ground-level ozone, which is hazardous to human lung 
tissue (EPA 1999). 
 Avoid direct beam daylight on critical visual tasks. Poor visibility and discomfort will 
result if excessive brightness differences occur in the vicinity of critical visual tasks 
(Ander 2012). 
 
Views, access, and exposure to nature 
 Views of nature and exposure to nature (gardens) (Ampt et al., 2008, Ulrich et al., 2008).  
 Nature features such as restorative, unambiguously positive qualities of greenery, flowers, 
and other nature content (Ulrich 1984; Ulrich 1999; Ulrich and others 2008) 
 Numerous opportunities to encounter nature (Smith 2007; Ulrich 1993; Ulrich 1999; 
Ulrich and others 2008).  
 Viewable outdoor areas from indoor sitting areas (In places where usable outdoor areas 
were easily seen from indoor common areas, occupants spent more time per week 
outdoors (Rodiek 2009, Rodiek 2012).  
 Convenient/direct access for patients from their unit/department/public spaces to a secure, 
supervised and sun-oriented exterior courtyard, terrace, balcony, plaza or garden (GGHC 
2007b, Smith 2007). Convenient access offer a sense of connection and availability to 
patients or staff and a sense of security for those in an unfamiliar place (Smith 2007).  
 The doorway to reach outdoor areas easy to navigate (Rodiek 2009, Rodiek 2012). 
 A soothing and attractive garden with sitting areas that facilitate socializing with patients 
and social interaction among staff (Carr 2011; Marcus and Barnes 1999; Rodiek 2009; 
Ulrich 2000b).  
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 Garden with more plants and less hardscape (concrete), in order to become more effective 
in promoting stress restoration (Ulrich 2002; Ulrich 1991; Ulrich 1999; Whitehouse and 
others 2001).  
 Nature settings with savannah-like or park-like qualities in order to foster restoration and 
improve mood (Cooper-Marcus and Barnes 1995, Cooper-Marus 2000, Cooper-Marus 
and Barnes 1999),  
 Garden with visual nature elements, especially trees, greenery, flowers, and water 
(Cooper-Marcus and Barnes 1995).  
 Garden with verdant foliage, flowers, water, congruent or harmonious nature sounds, and 
visible wildlife are calming or reduce stress effectively (Ulrich 1999).  
 Garden with visual relief and interest in vertical and horizontal dimensions; seasonal 
interest, incorporating nature to reflect the positive changes of life through each season; 
design elements that stimulate the senses and create an atmosphere of peace, such as 
labyrinths and reflecting pools; plant material that attracts birds and has seasonal interest; 
and found objects of art and elements of surprise and delight (Smith 2007).  
 Garden free of negative qualities, such as smoke and fumes, noise, strong sunlight, 
crowding, perceived insecurity or risk, prominent litter, and abstract, ambiguous sculpture 
or other built features, that can be interpreted in multiple ways, which impair recovery or 
even worse stress (Ulrich 1999, Smith 2007, GGHC 2007b).   
 Garden with/which: 1) Kept green. Lush, layered landscapes with shade trees, flowers 
and shrubs at various heights taken up roughly 70% of the space; concrete walkways and 
plazas about 30%; 2) Kept real. Abstract sculptures which not soothe people who are sick 
or worried; 3) Kept interesting. Mature trees that draw birds and chair that can be moved 
to facilitate private conversation foster greater interaction; 4) Engaged multiple senses. 
Gardens that can be seen, touched, smelled and listened to soothe best. But avoid strongly 
fragrant flowers or other odours for patients undergoing chemotherapy; 5) Minded 
walkways. Wide, meandering paths that are tinted to reduce glare allow patients with low 
eyesight, wheelchairs or walkers to get close to nature. Paving seams must be narrower 
than one eight of an inch to prevent trips by patients trailing wheeled IV poles; 6) Water 
with care. Fountains that sound like dripping faucets, buzzing helicopters or urinals do 
not relax anyone, and neither does the strong smell of algae; 7) Make entry easy. Gardens 
should not be far away or behind doors that are too heavy for a frail or elderly person to 
open (Franklin 2012).  
 Outdoor area with choices of different places to sit (Rodiek 2009, Rodiek 2012). 
 Furnished sitting areas immediately outside doorways (Rodiek 2009, Rodiek 2012). 
 Outdoor area with fixed seating facing good views (Rodiek 2009, Rodiek 2012). 
 Outdoor area that provides views of birds and/or wildlife (Rodiek 2009, Rodiek 2012). 
 Outdoor area with wide, level walkways (Rodiek 2009, Rodiek 2012). 
 Possibility to reach multiple walkways (Rodiek 2009, Rodiek 2012). 
 Pleasant views from walkways (Rodiek 2009, Rodiek 2012). 
 Paving free of litter and debris (Rodiek 2009, Rodiek 2012). 
 Interior courtyards and atria/atrium with greenery and a fountain as well as roof gardens 
and terraces to upper-level floors  (Smith 2007, Ulrich 2000).  
 Indoor plantings or pictures of nature, aquariums and terrariums, light wells and skylights 
as well as water features and fountains (Smith 2007). 
 Virtual environments and their finely-resolved details (e.g. movement of grass) for those 
who are unable to freely enter natural ecosystems (e.g. elderly or infirm people) 
(Depledge and others 2011; Schneider and others 2003; Schneider and others 2004). 
 
Indoor plants 
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 Indoor plants (Diette and others 2003; Dijkstra and others 2008; Heerwagen 1990; Lohr 
2000)  
 NOTE! CDC and HICPAC guideline (2003) recommend that flowers and potted plants 
need not be restricted from areas for immunocompetent patients, and fresh or dried 
flowers or potted plants in patient-care areas for immunosuppressed patients should not 
be allowed (CDC and HICPAC 2003). 
 
 
Colour 
 Calming and restoring colours, such as blues, greens and violets especially in high-stress 
areas (Fontaine et al., 2001, Stichler 2001). 
 No red, orange and yellow in high-stress areas because they induce excitement, increase 
blood pressure and can cause fatigue (Starkweather et al., 2005).  
 Blue and green in areas that require concentration and visual acuity (Malkin 1992). 
 Gray for desk tops and work surfaces. Grey creates a good balance in contrast with either 
black or white, and it helps maintain a comfortable and uniform brightness level (USAGE 
1997). 
 Consider the following guidelines for how colour and light may be used in the design of a 
space: 1) Light, cool spaces are generally perceived as expansive; dark, warm spaces as 
diminishing; 2) A strong, warm colour on an end wall will shorten the apparent length of 
a room by drawing that wall forward. Cooler colours will cause the plane to recede; 
thereby expanding our perception of the room; 3) Dark ceilings will lower the apparent 
height of a room. Light ceilings will raise the apparent height of a room. However, a 
combination of a dark floor and ceiling can greatly reduce the apparent height and may 
seem oppressive; 4) Strong-valued ceilings and floors may help to unify a space; 5) A 
brightly coloured wall will appear larger than it actually is (USAGE 1997). 
 
Note! The use of colour in HCFs is not based on a significant evidence-based body of 
knowledge, and so far guidelines concerning the use of colour are based on highly biased 
observations and pseudo-scientific assertions, and are thus ineffectual (Tofle et al., 2004, 
Young 2007). The multiple uses of the environment and the complexity of the user groups 
make efforts to establish guidelines for the colour design of HCFs very challenging and even 
impossible.  
 
Artwork 
 Art as an integral part of the design of the interior (Carr 2011; Hathorn and Nanda 2008; 
Lankston and others 2010; Schaller 2012; Ulrich and Gilpin 2003; Ulrich 1991; Ulrich 
1999; Ulrich and others 2008). 
 
Use the following guidelines when selecting art:  
 Blues (waterscapes) and greens of landscape and nature scenes (regional, generic or 
seasonal) (Hathorn and Nanda 2008; Lankston and others 2010; Ulrich and Gilpin 2003). 
 Pictures that depict landscapes during warmer seasons when vegetation is verdant and 
flowers may be visible (Ulrich and Gilpin 2003). 
 Positive fall and winter landscapes (Hathorn and Nanda 2008). 
 Floral (healthy, fresh and familiar flowers, garden/bouquet style) (Hathorn and Nanda 
2008, Ulrich and Gilpin 2003). 
 Flowers in vases (used sparingly for variety) (Hathorn and Nanda 2008). 
 Nature images with bright colours, water features, and non-threatening wildlife for 
children (Hathorn and Nanda 2008). 
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 Nature scenes with the sounds of nature in the ceiling in the procedure room (Diette et al., 
2003). 
 Scenes with positive cultural artefacts, such as barns and older houses and garden scenes 
with some openness in the immediate foreground (Ulrich and Gilpin 2003). 
 Figurative. Figurative art should include emotionally positive facial expressions; group 
scenes that depict friendly, caring, or nurturing relationships among people (Ulrich and 
Gilpin 2003), or scenes of people in positive relaxed nature surroundings (Ulrich and 
Gilpin 2003, Hathorn and Nanda 2008). 
 Still life (used sparingly for variety) (Hathorn and Nanda 2008). 
 
Avoid the following characteristics when choosing art: 
 Abstract art (abstract images, or art that is “challenging” or ambiguous) (Lankston et al., 
2010). 
 Ambiguity or uncertainty (Ulrich and Gilpin 2003).  
 Emotionally negative or provocative subject matter (Ulrich and Gilpin 2003).  
 Surreal qualities (Ulrich and Gilpin 2003).  
 Closely spaced repeating edges (Ulrich and Gilpin 2003).  
 Forms that are optically unstable or appear to move (Ulrich and Gilpin 2003).  
 Restricted depth or claustrophobic-like qualities (Ulrich and Gilpin 2003).  
 Close-ups of animals staring directly at the viewer (Ulrich and Gilpin 2003).  
 Outdoor scenes with overcast or foreboding weather (Ulrich and Gilpin 2003).  
 Landscapes conveying bleakness (Ulrich and Gilpin 2003). 
 Take into consideration the following aspects of art for healing environments (Hathorn 
1998): 1) Location of artwork (considering where the artwork is going to be located and 
how it can be the most effective in enhancing the physical environment and developing a 
healing atmosphere); 2) Needs of special patient populations (evaluating the unique needs 
of the kind of patients who will view the artwork. For example, art for paediatrics may 
differ from art for palliative care); 3) Role of demographics in the healing environment 
(considering the ethnic, gender and age makeup at the location of the artwork and 
choosing art accordingly). 
 Placement of art take into consideration the sightlines of patients (Hathorn and Nanda 
2008). 
 Patients with a choice of art for their rooms (Hathorn and Nanda 2008). 
 
Ergonomic solutions, furniture, equipments and accessibility 
 Adapted workplaces to fit workers and the work they perform is a fundamental principle 
of ergonomics (Springer 2007). For example, provided adjustable furniture and 
equipment to support the wide range of sizes and shapes of people in the workforce 
(Springer 2007). 
 Workplaces that make the job fit the person (National Institute of Building Sciences 
2011).  
 Work supported in the way it is done, primary task optimized, appropriate user control 
provided, ease of use emphasized, space personalized, and people trained in the proper 
use of equipment (Springer 2007).  
 Optimized support for the primary task (Springer 2007). For example, provide work 
surfaces that are solid and large enough to support the primary task (Springer 2007). 
 Personalization of space (Springer 2007) and accept the principle that one size does not fit 
all employees. (National Institute of Building Sciences 2011).  
 Analyzed work requirements and provide ergonomic work places to prevent work-related 
musculoskeletal disorders (WMSD) (National Institute of Building Sciences 2011).  
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 Supported work in the way it is done; horizontal surfaces and shelves for storage that 
support inherent work behaviour; and easily moveable and adjustable support surfaces for 
multiple users (multiple positions and postures) (Springer 2007). 
 Minimized ergonomic risks and hazards by selecting equipment, tools and furniture 
appropriate for the assigned worker (IFC Environmental 2003).  
 Relevant furniture and equipments (Malone and Dellinger 2011, Chaudhury et al., 2009) 
with appropriate (or maximum) user control (Springer 2007, Mazarella 2011).  
 Furnishings adapted to the work to be done, not the other way around (WBDG Productive 
Committee 2012c).  
 Ergonomically designed and approved furnishings, chairs, and equipment for that use 
(National Institute of Building Sciences 2011). 
 Furniture configurations allowed workers variable views for visual relief (WBDG 
Productive Committee 2012c).  
 Specify furnishings supported good posture, body mechanics, and work techniques for the 
tasks to be accomplished (e.g. ergonomically designed chairs and keyboards) (WBDG 
Productive Committee 2012c). 
 Available, suitable, usable and maintained beds, wheelchairs, tables, and trolleys 
(Chaudhury et al., 2009, Nevala and Tamminen-Peter 2004).  
 Maximized visual and tactile discrimination through the use of the appropriate size, 
colour, and texture of materials (Carayon et al., 2003).  
 Equipment in patient rooms located in an area that enables easy access, because they 
optimize the nurses’ opportunity for movement, and nurses should be properly trained on 
equipment usage (Carayon et al., 2003).  
 Minimized need for nurses muscular strength by using mechanical aids and devices (e.g. 
beds and gurneys) (Carayon et al., 2003). 
 Slings and other simple devices to assist in moving patients from one seat to another in 
order to reduce strain on the backs of nursing staff (Elford and Straker 2000). 
 The “Evidence-Based Design Furniture Checklist” used as a component of a 
comprehensive plan to improve targeted health care outcomes, as a tool to facilitate the 
best health care furniture purchases across the facility life cycle (Malone and Dellinger 
2011): 1) Reduce surface contamination linked to health care associated infections 
(Surfaces are easily cleaned, with no surface joints or seams; Materials for upholstery are 
impervious (nonporous); Surfaces are nonporous and smooth). 2) Reduce patient falls and 
associated injuries (Chair seat height is adjustable; Chair has armrests; Space beneath the 
chair supports foot position changes; Chair seat posterior tilt angle and seat back recline 
facilitate patient egress; Chairs are sturdy, stable, and cannot be easily tipped over; 
Rolling furniture includes locking rollers or casters; Chairs have no sharp or hard edges 
that can injure patients who fall or trip). 3) Decrease medication errors (Lighting fixtures 
should provide 90-150 foot candle illumination and an adjustable 50-watt high intensity 
task lamp for furniture with built-in lighting that is used in a medication safety zone; 
Furniture is configurable to create a sense of privacy to minimize visual distractions and 
interruptions from sound and noise during medication transcription, preparation, 
dispensing, and administration activities. 4) Improve communication and social support 
for patients and family members (Furniture can be configured in small flexible groupings 
that are easily adjusted to accommodate a varying numbers of individuals in a variety of 
health care settings; Width and age variations are supported; Acoustic and visual patient 
privacy are supported). 5) Decrease patient, family member, and staff stress and fatigue 
(Materials suggest a link to nature; Appearance is attractive and non-institutional; 
Furniture is tested for safe and comfortable use by all, including morbidly obese 
individuals). 6) Improve staff effectiveness, efficiency, and communication (Furniture is 
easily adjustable to individual worker’s ergonomic needs; Design enables care 
coordination and information sharing; Materials are sound-absorbing). 7) Improve 
environmental safety (Materials do not contain volatile organic compounds (VOC), such 
as formaldehyde and benzene). 8) Represent the best investment (Reflect and reinforce 
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the organization’s mission, strategic goals, and brand; Integrate new with existing 
furniture and objects for facility renovation projects; Pieces can be flexibly reconfigured 
and moved to support changing and emerging missions; Provide casters or glides to 
reduce floor damage; Check that there are no hard protuberances that may damage walls; 
Check chair rail heights; Manufacturer provides results of safety and durability testing; 
Manufacturer describes the specific evidence that has been used to design the product; 
Manufacturer includes a warranty appropriate for the use, such as furniture used all day, 
every day; Replacement parts are available; Repairs can be done in the health care 
facility; Manufacturer or local dealer can assist with furniture repair and refurbishing; 
Environmental services (housekeeping) staff can easily maintain furniture; A Group 
Purchasing Organization (GPO) can be used when purchasing furniture) Ensure that that 
furniture in adult day health care facilities is sturdy and stable to safely support patient 
transfer and weight-bearing requirements (FGI 2010).  
 Age-appropriated furniture (e.g. in order to create safe environment for children)  (Sigrest 
2003, Gottesman et al., 2009).  
 Furniture free of sharp or hard edges that could injure patients who trip or fall (Malone 
and Dellinger 2011). 
 Furniture used in medication safety zones designed to facilitate privacy and minimize 
distractions, both of which have been associated with higher prescription-dispensing error 
rates (Malone and Dellinger 2011).  
 Emphasized ease-of-use adjustments; control motions, connects, and disconnects should 
be easy to use (Springer 2007).  
 Equipment and furnishings designed reflect work practices in an effort to eliminate 
repetitive motions and vibrations and prevent strains and sprains (National Institute of 
Building Sciences 2011).  
 People trained in the proper use of equipment (Springer 2007). 
 Considered using worker comfort surveys in the design phase to help eliminate work-
related musculoskeletal disorders (National Institute of Building Sciences 2011).  
 Minimized lighting glare on computer monitor screens. Provide task lighting at 
workstations to minimize eye fatigue (National Institute of Building Sciences 2011).  
 Under-floor access to all workspace services (Mazarella 2011). 
 Mobile furniture, workstations and technology (Mazarella 2011, Toivonen et al., 2011). 
 Building utilities that are everywhere, reconfigurable, and expandable (Mazarella 2011). 
 Alternate work places, hotelling, teleworking, etc. (Mazarella 2011).  
 Diverse work settings for diverse work and workforce (Mazarella 2011). 
 Minimized risks and hazards by selecting equipment, tools and furniture appropriate for 
the assigned worker (IFC Environmental 2003). Provide for staff slings to assist in 
moving patients from one seat to another (Elford and Straker 2000) 
 Chairs with following (OSHA 2010): 1) Backrests that conform to the natural curve of the 
worker’s back and provide adequate lumbar support; 2) Comfortable seats that allow 
workers’ feet to rest flat on the floor or footrest; 3) Soft armrests that allow relaxed 
shoulders and elbows to remain close to the body; 4) A five-leg base with casters that 
allows easy movement along the floor. 
 Desks with the following (OSHA 2010): 1) Desk surfaces that allow computer monitors 
to be placed 20-40 inches away from and directly in front of the worker; 2) Designs that 
accommodate a variety of postures; 3) Ample space under the desk for leg clearance and 
non-awkward positions, but free of CPUs and other equipment. 
 Ensured that installations, equipment, tools and substances are suitable for their use and 
selected to minimize dangers to safety or health when used correctly (IFC Environmental 
2003).  
 Well-functioning technology: Enable full communication and simultaneous access to data 
among and distributed to co-workers both on and off-site including teleworking, 
hotelling, etc. (IFC Environmental 2003).  
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 Workstation furniture included design features that may minimize visual distractions and 
consequent interruptions (Malone and Dellinger 2011). 
 Workstations allowed users to adjust seating, computer equipment placement, light levels, 
work surface heights, workspace layout, and ventilation (WBDG Productive Committee 
2012c).  
 Installed glass panels in workstation walls to provide access to daylight and views 
(WBDG Productive Committee 2012c).  
 Open-setting-systems furniture with acoustical panels with a minimum noise reduction 
coefficient of 0.65 (General Services Administration 2008a).  
 Comfortable and movable furniture, which can be arranged in small flexible groupings, in 
day rooms, lounges, and dining areas (Melin and Gotestam 1981; Somner and Ross 1958; 
Ulrich 1991; Ulrich 2000b).  
 Seating at small tables for personal interaction (Holahan 1972). 
 Served meals at small tables with moveable chairs rather than at large dining tables 
(Melin and Gotestam 1981). 
 Single-patient room included additional clear floor area (30 square feet per family 
member) and comfortable furniture to create a homelike atmosphere for family members 
(one or two) without blocking access of staff members to patients (FGI 2010).  
 Upholstered furniture constructed of high-performance sound-absorbing materials, like 
the acoustical panels used in modular furniture, may provide an additional auditory 
privacy solution worth exploring along with high-performance sound-absorbing ceiling 
tiles and flooring when care is provided in a more open environment (Malone and 
Dellinger 2011).  
 Visual privacy achieved through the use of furnishings (and with partitions or walls) 
(USAGE 1997). 
 Comfortable outdoor sitting areas (Rodiek and Lee 2009). 
 Materials used in garden furniture not retaining heat or cold, with wood and hard plastic 
being preferable (Marcus 2010).  
 Most waiting areas included some bariatric seating, with the general rule of thumb being 
one bariatric seat for every 10 seats (CDC 2008).  
 Furniture which supports patient care delivery performed by staff, provides staff respite, 
and supports staff engaged in completing administrative tasks (Malone and Dellinger 
2011).  
 Five factors increased informal interactions and learning, all of which impact furniture 
requirements: 1) Eco-diversity: more varied work settings inside and outside the “office”; 
2) Spatial transparency: more opportunities for employees to observe the behaviour of 
each other and the work they are doing; 3) Neutral zones: more deliberate planning, 
design, and use of spaces not owned by any particular discipline or unit; 4) Human scale: 
smaller-scale work areas on each floor and less separation of related functional areas; 
5) Functional convenience: designing space to increase the opportunity for chance 
encounters (Becker 2007b). 
 Where systems furniture is used in open areas, acoustical panels must have a minimum 
noise reduction coefficient (NRC) of 0.65 (General Services Administration 2008b). The 
panels should ideally be higher than the head of the seated occupant, while balancing the 
need for privacy, daylight, and air circulation (Malone and Dellinger 2011). 
 At frequencies below 200 Hz, furniture contributed negligible sound absorption (Malone 
and Dellinger 2011). 
 No furniture which emits Volatile Organic Compounds (VOCs), including formaldehyde, 
benzene and Persistent Bioaccumulative Toxic chemicals (PBTs), (GGHC 2007a).  
 All furniture components contained less than 100 parts per million of at least four out of 
the five chemical groups: 1) Urea formaldehyde; 2) Heavy metals, including mercury, 
cadmium, lead and antimony; 3) Hexavalent chromium in plated finishes; 4) Stain and 
non-stick treatments derived from Perfluorinated Compounds (PFCs), including 
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Perfluorooctanic Acid (PFOA); 5)Added antimicrobial treatments (U.S. Green Building 
Council 2011) .  
 Taken into account OSHA 2010 standard “Furniture and Fixtures” (OSHA 2010). 
Furniture manufacturing should use the “BIFMA e3-2008" Furniture Sustainability 
Standard (BIFMA International 2008). 
 For staff access to power, network, and telecommunication ports that are at desk height or 
belt-line level, not where access requires stooping, bending or crawling under work 
surfaces (Springer 2007). 
 For staff, convenient access to food, telephones, and restrooms (Ulrich 2000). 
 Gardens and other attractive grounds accessible to patients in wheelchairs (Carr 2011; 
Stichler 2001; Ulrich and others 2004; Ulrich 2000b). 
 Segregated passageways for pedestrians and vehicles within and outside buildings to 
provide for easy, safe and appropriate access (IFC Environmental 2003).  
 Improved accessibility around the hospital, with consideration given to wheelchair access, 
installation of grab and handrails and frequent seating and rest spaces, use of contrasting 
colours to highlight potential hazards, and position lifts close to reception areas (Ampt et 
al., 2008). 
 Installed hand, knee and foot railings on stairs, fixed ladders, platforms, permanent and 
interim floor openings, loading bays, ramps, etc. (IFC Environmental 2003). 
 Seal openings by gates or removable chains (IFC Environmental 2003).  
 Installed covers if feasible to protect against falling items(IFC Environmental 2003).  
 Prevented unauthorized access to dangerous areas (IFC Environmental 2003). 
 For staff, equipment and tools which are easy to use and adjustable (for example, easily 
adjustable and easy to use workstations) (OíNeill and Evans 2000) 
 Flat grades enough to allow easy movement and sidewalks and corridors which are wide 
enough for two wheelchairs to pass easily (Carr 2011). 
 Entrance areas designed to accommodate patients with slower adaptation rates to dark and 
light; marking glass walls and doors to make their presence obvious (Carr 2011). 
 Entrance areas to accommodate patients with slower adaptation rates to dark and light; 
marking glass walls and doors to make their presence obvious (Carr 2011). 
 All areas comply with the minimum requirements of the Americans with Disability Act 
(ADA) and, if federally funded or owned, the GSA’s ABA Accessibility Standards (Carr 
2011).  
 Permanent means of access for equipment and installations requiring recurrent servicing 
and cleaning (IFC Environmental 2003).  
 
Wayfinding and signage 
“Wayfinding” designed according to the following principles: 
 A “wayfinding” process designed into every project. Patents, visitors, and staff all need to 
know where they are, what their destination is, and how to get there and return (Carr 
2011, Ulrich et al., 2004).  
 Understood and clearly identified routes, entries, and exits prior before starting 
wayfinding design (NSW Department of Health 2009). 
 Identified decision points and design information at each part of a sequential process 
(NSW Department of Health 2009). 
 First designed general routes and then specific routes (NSW Department of Health 2009). 
 Gave special consideration to emergency customers (NSW Department of Health 2009). 
 Simple, clear and logical and clearly guided routes (Carr 2011; NSW Health 2008; Ulrich 
and others 2004).  
 Integrated and accessible wayfinding; the built environment should provide clear visual 
cues to orient patients and families and guide them to their destination and return. 
Landscaping, building elements, daylight, colour, texture, and pattern should all provide 
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cues, as well as artwork and signage (Ampt and others 2008; Carr 2011; Ulrich and others 
2004). 
 Visitors with a simple and direct route to each patient nursing unit without penetrating 
other functional areas provided (Carr 2011). 
 The number of decision points and confirm routes at decision points minimized (NSW 
Department of Health 2009). 
 Clearly marked entrance (Evans and Cohen 1987). 
 Security and off-hours usage considered  (NSW Department of Health 2009). 
 An outflow for trash, recyclables, and soiled materials that is separate from the movement 
of food and clean supplies, and separate both from the routes of patients and visitors 
provided (Carr 2011). 
 Outpatients visiting diagnostic and treatment not travelled through inpatient functional 
areas or encounter severely ill inpatients (Carr 2011).  
 Transfer of cadavers to and from the morgue out of sight of patients and visitors (Carr 
2011). 
 Reduced patient disorientation by reducing glare and corridor clutter (by providing 
adequate storage space), and limiting the length of corridors, providing access to normal 
day/night light or cycled lighting (Ampt et al., 2008).  
 Used appropriate expertise for wayfinding evaluation, design and continued development 
(NSW Department of Health 2009). 
 
Signage designed according to the following principles: 
 Aim for clarity, consistency, ease of comprehension and legibility throughout (NSW 
Department of Health 2009). 
 Kept information to a minimum and relevant to each location to prevent information 
overload and confusion(NSW Department of Health 2009). 
 Clear, legible text and lettering used (NSW Department of Health 2009). 
 Language and pictograms that are unambiguous and generally recognized used (NSW 
Department of Health 2009). 
 Consistent wording, naming and pictogram use on each site or related sites used (NSW 
Department of Health 2009). 
 The access to content, address special needs, and provide information in a readily 
accessible form ensured (NSW Department of Health 2009). For example, take into 
account vision- and hearing-impaired users (if necessary, use the raised tactile, Braille, 
audible and other methods) (NSW Department of Health 2009). 
 Differentiated, grouped and presented information for fast recognition (NSW Department 
of Health 2009). 
 Visual ways, such as colours, pictures, charts, etc. used (NSW Department of Health 
2009). 
 The main public access and the routes for each category of service user and visitor 
established and identified the decision points with confirming signage (NSW Department 
of Health 2009). 
 Signage equally addresses return journeys (and egress routes) for each category of service 
user/visitor, to enable the return to their car or to public transport ensured. The shortest 
path might not necessarily be the most advantageous if it deviates from previously 
encountered points of reference or if it disorientates the visitor (NSW Department of 
Health 2009). 
 Signage design and modification of an existing signage system a controlled and 
accountable process with quality assurance, risk management and accessibility as 
important objectives (NSW Department of Health 2009). 
 In a complex environment where a destination/route does not use the main circulation 
route, provided separate signage for those destinations (NSW Department of Health 
2009). 
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 Taken into account that there are some locations that do not need to be included in a 
signage system. Some are excluded for security reasons (Pay Office, Pharmacy), to 
provide anonymity (some community health services), or because they are exclusive to 
staff (sterilizing department, staff cafeteria) (NSW Department of Health 2009).  
 Room numbering and door identification tagging conformed to existing or proposed 
facility management systems (NSW Department of Health 2009). 
 Concerning signage, avoided the following conditions (NSW Department of Health 
2009): 1) low general light levels; 2) low sign illumination; 3) signs against or adjacent to 
a light source or a bright or busy background; 4) glossy reflective sign surfaces; 5) overly 
bright internally illuminated signs. 
 If colour is to be used for signage or signage coding, then the following points 
considered: 1) Colour vision impairment (red/green and other) (NSW Department of 
Health 2009); 2) Vision acuity loss with age (differentiating colours) (NSW Department 
of Health 2009); 3) Difficulty in remembering more than five colours (NSW Department 
of Health 2009); 4) Failure to notice colour coding systems when used – up to 66% (NSW 
Department of Health 2009). Ensure that colour coding is readily understood by visitors, 
e.g. use an explanatory sign or map (NSW Department of Health 2009); 5) Use only 
colours that can be recognized (and described) when not seen against another colour 
(NSW Department of Health 2009). Notice that there are a limited number of distinct 
colours (approximately eight for use (NSW Department of Health 2009); 6) Avoid 
confusion with decorative colour schemes (NSW Department of Health 2009); 7) Ensure 
a high contrast of message against background for signage (Scientific Research Unit 
(SRU) 2008). Black text on white background is the most distinctive (NSW Department 
of Health 2009, Scientific Research Unit (SRU) 2008); 9) Employ colour in a secondary 
role to assist signage, not as a primary wayfinding device (NSW Department of Health 
2009). 
 For safety symbols, followed ISO 3864-1:2011 (ISO 2011) and ANSI Z535.4 2002 
standards (ANSI 2002 ). 
 
Safety 
 Ensured indoor air quality (by providing properly functioning and efficient ventilation, 
and low-emission building materials), beneficial ergonomic solutions  (by providing 
appropriate tools and furniture), adequate lighting (by providing both natural and artificial 
light), fall protection (wide ring doors to patient bathrooms) (Page 2004, Ulrich et al., 
2004), and electrical safety (National Institute of Building Sciences 2011; National 
Research Council Canada 2009; Spengler and others 2001; WBDG Secure/Safe 
Committee 2012). 
 
 
Hospital-acquired infections (nosocomial infections)  
 Airborne infections can be controlled by using appropriate ventilation system, effective 
filters and single-bed rooms (to increase isolation capacity and reduce transmission), and 
by employing various control measures during construction or renovation (AIA and FGI 
2006; CDC and HICPAC 2003; CDC and HICPAC 2007; Joseph 2006b; Ulrich and 
others 2008).  
 Contact-spread infections (e.g. those transmitted through contact with the hands of nurses 
and physicians) can be effectively controlled via environmental support for hand-washing 
by providing hand-washing compliances (Boyce and Pittet 2002; Joseph 2006b; Larson 
1999; Larson 1988; Ulrich and others 2008; WHO 2009a), proper cleaning (e.g. by 
controlling surface contamination by using appropriate floor, wall and furniture 
coverings) (Lankford et al., 2006, Ulrich et al., 2008), and single-bed rooms with private 
toilets (Carr 2011; Lankford and others 2006; Skoutelis and others 1994).  
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 Waterborne infections such as Legionnaires’ disease, can be controlled and prevented by 
using regular cleaning, maintenance, and testing the water systems and point-of-use 
fixtures, correcting design, as well as locating of water supply systems, water fixtures and 
decorative fountains (AIA and FGI 2006; Joseph 2006b; Sehulster and others 2004). 
 
 
Medical errors (e.g. dose errors, route errors and duplicate errors)  
 Can be controlled by reducing noise levels, improving lighting, using beneficial 
ergonomic solutions/furniture/equipment, and using single-patient rooms and acuity-
adaptable rooms (Chaudhury and others 2009; Janowitz and others 2006; Ulrich and 
others 2008). 
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